EP 3 659 661 A1

(19) Europdisches
Patentamt
0’ European
Patent Office
Office européen
des brevets
(12)

(43) Date of publication:
03.06.2020 Bulletin 2020/23
(21) Application number: 19200299.6

(22) Date of filing: 28.02.2011

(11) EP 3 659 661 A1

EUROPEAN PATENT APPLICATION

(51) IntClL:

A61B 17/00 (2006.0%)
A61B 90/00 (2016.01)
A61M 25/01 (2006.01)

A61M 25/00 (2006.01)
A61B 34/30(2016.01)
A61B 34/37 (2016.01)

(84) Designated Contracting States:
AL AT BE BG CH CY CZDE DK EE ES FI FR GB
GRHRHUIEISITLILT LULV MC MK MT NL NO

PL PT RO RS SE SI SK SM TR

Priority: 02.03.2010 US 30977410 P
17.09.2010 US 38417410 P

(30)

(62) Document number(s) of the earlier application(s) in
accordance with Art. 76 EPC:

11751139.4/ 2 542 290

(71) Applicant: Corindus Inc.
Natick, MA 01760 (US)

(72) Inventors:
« WENDEROW, Tal
West Newton, MA Massachusetts 02465 (US)

* MURPHY, John
North Reading, MA Massachusetts 01864 (US)

(74) Representative: Barker Brettell LLP

100 Hagley Road
Edgbaston
Birmingham B16 8QQ (GB)

Remarks:

*This application was filed on 27.09.2019 as a
divisional application to the application mentioned
under INID code 62.

*Claims filed after the date of receipt of the divisional
application (Rule 68(4) EPC).

(54)

(57)  Arobotic catheter procedure system is provided.
The robotic catheter procedure system includes a bed-
side system and a remote workstation. The bedside sys-
tem includes a percutaneous device and a drive mech-
anism configured to engage and to impart an axial force
to the percutaneous device and to advance and retract
the percutaneous device. The bedside system includes
an actuator providing torque to the drive mechanism to
impart the axial force to the percutaneous device, and

ROBOTIC CATHETER SYSTEM WITH VARIABLE DRIVE MECHANISM

the torque provided by the actuator is variable. The re-
mote workstation includes a user interface configured to
receive a first user input and a control system operatively
coupled to the user interface. The control system is con-
figured to communicate a control signal to the actuator.
The control signal is based upon the first user input and
a second input, and the actuator provides torque to the
drive mechanism in response to the control signal.
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Description

CROSS-REFERENCE TO RELATED PATENT APPLI-
CATION

[0001] This application clauses the benefit of U.S. Pro-
visional Application No. 61/309,774, filed March 2, 2010,
and of U.S. Provisional Application No. 61/384,174, filed
September 17, 2010, both of which are incorporated
herein by reference in their entireties.

BACKGROUND OF THE INVENTION

[0002] The present invention relates generally to the
field of catheter systems for performing diagnostic and/or
intervention procedures. The present invention relates
specifically to catheter systems configured for controlling
and varying the various forces applied to a percutaneous
device by a robotic catheter system.

[0003] Vascular disease, and in particular cardiovas-
cular disease, may be treated in a variety of ways. Sur-
gery, such as cardiac bypass surgery, is one method for
treating cardiovascular disease. However, under certain
circumstances, vascular disease may be treated with a
catheter based intervention procedure, such as angi-
oplasty. Catheter based intervention procedures are
generally considered less invasive than surgery. If a pa-
tient shows symptoms indicative of cardiovascular dis-
ease, an image of the patient’s heart may be taken to aid
in the diagnosis of the patient’s disease and to determine
an appropriate course of treatment. For certain disease
types, such as atherosclerosis, the image of the patient’s
heart may show a lesion that is blocking one or more
coronary arteries. Following the diagnostic procedure,
the patient may undergo a catheter based intervention
procedure. During one type of intervention procedure, a
catheter is inserted into the patient’s femoral artery and
moved through the patient’s arterial system until the cath-
eter reaches the site of the lesion. In some procedures,
the catheter is equipped with a balloon or a stent that
when deployed at the site of a lesion allows for increased
blood flow through the portion of the coronary artery that
is affected by the lesion. In addition to cardiovascular
disease, other diseases (e.g., hypertension, etc.) may be
treated using catheterization procedures.

SUMMARY OF THE INVENTION

[0004] One embodiment of the invention relates to a
robotic catheter procedure system that includes a bed-
side system and a remote workstation. The bedside sys-
tem includes a percutaneous device and a drive mech-
anism configured to engage and to impart an axial force
to the percutaneous device and to advance and retract
the percutaneous device. The bedside system includes
an actuator providing torque to the drive mechanism to
impart the axial force to the percutaneous device, and
the torque provided by the actuator is variable. The re-
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mote workstation includes a user interface configured to
receive a first user input and a control system operatively
coupled to the user interface. The control system is con-
figured to communicate a control signal to the actuator.
The control signal is based upon the first user input and
a second input including information related to the cath-
eter device, and the actuator provides torque to the drive
mechanism in response to the control signal. Various ex-
emplary embodiments of the invention relate to the ro-
botic catheter procedure system, as recited above, and
including any combination of one or more features as set
forth in the clauses, recited in the detailed description
and shown in the figures.

[0005] Another embodiment of the invention relates to
a system configured for operating a robotic catheter sys-
tem having a drive mechanism configured to engage and
to impart an axial force to a catheter device and to ad-
vance and retract the catheter device and an actuator
configured to deliver torque to the drive mechanism. The
system includes a user interface configured to receive a
first user input and a control system operatively coupled
to the user interface configured to generate a control sig-
nal. The control signal is based upon the first user input,
and the actuator delivers torque to the drive mechanism
to move the catheter device in response to the control
signal. The system comprises a default maximum torque
limit, wherein the actuator is inhibited from delivering
torque exceeding the default maximum torque limit. Var-
ious exemplary embodiments of the invention relate to a
system configured for operating a robotic catheter sys-
tem, as recited above, and including any combination of
one or more features as set forth in the clauses, recited
in the detailed description and shown in the figures.
[0006] Another embodiment of the invention relates to
a robotic catheter procedure system including a percu-
taneous device and a first drive mechanism configured
to engage and to impart movement to the percutaneous
device. The procedure system also includes an engage-
ment structure. The engagement structure is configured
to move between an engaged position in which the en-
gagement structure contacts the percutaneous device
and a disengaged position in which the engagement
structure does not contact the percutaneous device. The
first drive mechanism is configured to move the percuta-
neous device when the engagement structure is in the
disengaged position. Various exemplary embodiments
of the invention relate to the robotic catheter procedure
system, as recited above, and including any combination
of one or more features as set forth in the clauses, recited
in the detailed description and shown in the figures.
[0007] Another embodiment of the invention relates to
a method of operating a robotic catheter system. The
method includes providing arobotic catheter system. The
robotic catheter system includes a percutaneous device,
a first drive mechanism having a first engagement struc-
ture configured to engage the percutaneous device and
to impart movement to the percutaneous device. The
catheter procedure system also includes a second en-
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gagement structure configured to engage the percuta-
neous device, and the second engagement structure is
moveable between an engaged position in which the sec-
ond engagement structure contacts the percutaneous
device and a disengaged position in which the second
engagement structure does not contact the percutane-
ous device. The method further includes engaging the
percutaneous device with both the first engagement
structure and the second engagement structure, and dis-
engaging the second engagement structure from the per-
cutaneous device. The method includes operating the
first drive mechanism to move the percutaneous device
when the second engagement structure is disengaged.
Various exemplary embodiments of the invention relate
to the method of operating a robotic catheter system, as
recited above, and including any combination of one or
more features as set forth in the clauses, recited in the
detailed description and shown in the figures.

[0008] Alternative exemplary embodiments relate to
other features and combinations of features as may be
generally recited in the clauses.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] This application will become more fully under-
stood from the following detailed description, taken in
conjunction with the accompanying figures, wherein like
reference numerals refer to like elements in which:

FIG. 1 is a perspective view of a catheter procedure
system according to an exemplary embodiment;
FIG. 2 is a block diagram of a catheter procedure
system according to an exemplary embodiment;
FIG. 3 is a perspective view of a bedside system
showing a cassette prior to being attached to a motor
drive base according to an exemplary embodiment;
FIG. 4 is a perspective view of a bedside system
showing the cassette of FIG. 3 following attachment
to the motor drive base according to an exemplary
embodiment;

FIG. 5 is a perspective view of a cassette according
to an exemplary embodiment;

FIG. 6 is a top view showing an axial drive assembly
of a cassette in the "engaged" position according to
an exemplary embodiment;

FIG. 7 is a top perspective view of a rotational drive
assembly of a cassette showing the engagement
structure in broken lines beneath the chassis;

FIG. 8 is a top perspective view of a rotational drive
assembly with the chassis shown in broken lines;
FIG. 9 is a top view of the rotational drive assembly
in the "engaged" position;

FIG. 10 is a top view of the rotational drive assembly
in the "disengaged" position;

FIG. 11 is a block diagram of a controller for control-
ling a robotic catheter system according to an exem-
plary embodiment;

FIG. 12 is a block diagram of a catheter procedure
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system showing motors located within a motor drive
base according to an exemplary embodiment;

FIG. 13 is a flow diagram showing the function of a
robotic catheter procedure system including varia-
tion and control of torque according to an exemplary
embodiment;

FIG. 14 is a flow diagram showing operation of a
robotic catheter procedure system including a de-
fault maximum torque limit according to an exempla-
ry embodiment; and

FIG. 15 is a flow diagram showing operation of a
robotic catheter procedure system to limit friction or
drag on a percutaneous device according to an ex-
emplary embodiment.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0010] Before turning to the figures, which illustrate the
exemplary embodiments in detail, it should be under-
stood that the present application is not limited to the
details or methodology set forth in the description or il-
lustrated in the figures. It should also be understood that
the terminology is for the purpose of description only and
should not be regarded as limiting.

[0011] Referring to FIG. 1, a catheter procedure sys-
tem 10 is shown. Catheter procedure system 10 may be
used to perform catheter based medical procedures
(e.g., percutaneous intervention procedures). Percuta-
neous intervention procedures may include diagnostic
catheterization procedures during which one or more
catheters are used to aid in the diagnosis of a patient’s
disease. For example, during one embodiment of a cath-
eter based diagnostic procedure, a contrast media is in-
jected into one or more coronary arteries through a cath-
eter and an image of the patient’s heart is taken. Percu-
taneous intervention

procedures may also include catheter based therapeutic
procedures (e.g., balloon angioplasty, stent placement,
treatment of peripheral vascular disease, etc.) during
which a catheter is used to treat a disease. It should be
noted, however, that one skilled in the art would recog-
nize that, certain specific percutaneous intervention de-
vices or components (e.g., type of guide wire, type of
catheter, etc.) will be selected based on the type of pro-
cedure that is to be performed. Catheter procedure sys-
tem 10 is capable of performing any number of catheter
based medical procedures with minor adjustments to ac-
commodate the specific percutaneous devices to be
used in the procedure. In particular, while the embodi-
ments of catheter procedure system 10 described herein
are explained primarily in relation to the diagnosis and/or
treatment of coronary disease, catheter procedure sys-
tem 10 may be used to diagnose and/or treat any type
of disease or condition amenable to diagnosis and/or
treatment via a catheter based procedure.

[0012] Catheter procedure system 10 includes lab unit
11 and workstation 14. Catheter procedure system 10
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includes a robotic catheter system, shown as bedside
system 12, located within lab unit 11 adjacent patient 21.
Generally, bedside system 12 may be equipped with the
appropriate percutaneous devices (e.g., guide wires,
guide catheters, working catheters, catheter balloons,
stents, diagnostic catheters, etc.) or other components
(e.g., contrast media, medicine, etc.) to allow the user to
perform a catheter based medical procedure. A robotic
catheter system, such as bedside system 12, may be
any system configured to allow a user to perform a cath-
eter-based medical procedure via a robotic system by
operating various controls such as the controls located
at workstation 14. Bedside system 12 may include any
number and/or combination of components to provide
bedside system 12 with the functionality described here-
in. Various embodiments of bedside system 12 are de-
scribed in detail in P.C.T. International Application No.
PCT/US2009/042720, filed May 4, 2009, which is incor-
porated herein by reference in its entirety.

[0013] In one embodiment, bedside system 12 may be
equipped to perform a catheter based diagnostic proce-
dure, and in another embodiment, bedside system 12
may be equipped to perform a catheter based therapeutic
procedure. Bedside system 12 may be equipped with
one or more of a variety of catheters for the delivery of
contrast media to the coronary arteries. In one embodi-
ment, bedside system 12 may be equipped with a first
catheter shaped to deliver contrast media to the coronary
arteries on the left side of the heart, a second catheter
shaped to deliver contrast media to the coronary arteries
on the right side of the heart, and a third catheter shaped
to deliver contrast media into the chambers of the heart.
In other embodiments, bedside system 12 may be
equipped with a guide catheter, a guide wire, and a work-
ing catheter (e.g., a balloon catheter, a stent delivery
catheter, ablation catheter, etc.). In one embodiment,
bedside system 12 may equipped with a working catheter
that includes a secondary lumen that is threaded over
the guide wire during a procedure. In another embodi-
ment, bedside system 12 may be equipped with an over-
the-wire working catheter that includes a central lumen
that is threaded over the guide wire during a procedure.
In another embodiment, bedside system 12 may be
equipped with an intravascular ultrasound (IVUS) cath-
eter. In another embodiment, any of the percutaneous
devices of bedside system 12 may be equipped with po-
sitional sensors that indicate the position of the compo-
nent within the body.

[0014] Bedside system 12 is in communication with
workstation 14, allowing signals generated by the user
inputs and control system of workstation 14 to be trans-
mitted to bedside system 12 to control the various func-
tions of beside system 12. Bedside system 12 also may
provide feedback signals (e.g., operating conditions,
warning signals, error codes, etc.) to workstation 14. Bed-
side system 12 may be connected to workstation 14 via
a communication link 38 that may be a wireless connec-
tion, cable connectors, or any other means capable of
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allowing communication to occur between workstation
14 and beside system 12.

[0015] Workstation 14 includes a userinterface 30. Us-
er interface 30 includes controls 16. Controls 16 allow
the user to control bedside system 12 to perform a cath-
eter based medical procedure. For example, controls 16
may be configured to cause bedside system 12 to per-
form various tasks using the various percutaneous de-
vices with which bedside system 12 may be equipped
(e.g., toadvance, retract, or rotate a guide wire, advance,
retract, or rotate a working catheter, advance, retract, or
rotate a guide catheter, inflate or deflate a balloon located
on a catheter, position and/or deploy a stent, inject con-
trastmediainto a catheter, inject medicine into a catheter,
or to perform any other function that may be performed
as part of a catheter based medical procedure, etc.).
[0016] Inone embodiment, controls 16 include a touch
screen 18, a dedicated guide catheter control 29, a ded-
icated guide wire control 23, and a dedicated working
catheter control 25. In this embodiment, guide wire con-
trol 23 is a joystick configured to cause bedside system
12 to advance, retract, or rotate a guide wire, working
catheter control 25 is a joystick configured to cause bed-
side system 12 to advance, refract, or rotate a working
catheter, and guide catheter control 29 is a joystick con-
figured to cause bedside system 12 to advance, retract,
or rotate a guide catheter. In addition, touch screen 18
may display one or more icons (such as icons 162, 164,
and 166) that control movement of one or more percuta-
neous devices via bedside system 12. Controls 16 may
also include a balloon or stent control that is configured
to inflate or deflate a balloon and/or a stent. Each of the
controls may include one or more buttons, joysticks,
touch screens, etc., that may be desirable to control the
particular component to which the control is dedicated.
[0017] Controls 16 may include an emergency stop
button 31 and a multiplier button 33. When emergency
stop button 31 is pushed a relay is triggered to cut the
power supply to bedside system 12. Multiplier button 33
acts to increase or decrease the speed at which the as-
sociated component is moved in response to a manipu-
lation of guide catheter control 29, guide wire control 23,
and working catheter control 25. For example, if opera-
tion of guide wire control 23 advances the guide wire at
a rate of 1 mm/sec, pushing multiplier button 33 may
cause operation of guide wire control 23 to advance the
guide wire at a rate of 2 mm/sec. Multiplier button 33 may
be a toggle allowing the multiplier effect to be toggled on
and off. In another embodiment, multiplier button 33 must
be held down by the user to increase the speed of a
component during operation of controls 16.

[0018] Userinterface 30 may include a first monitor 26
and a second monitor 28. First monitor 26 and second
monitor 28 may be configured to display information or
patient specific data to the user located at workstation
14. For example, first monitor 26 and second monitor 28
may be configured to display image data (e.g., x-ray im-
ages, MRl images, CT images, ultrasound images, etc.),
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hemodynamic data (e.g., blood pressure, heart rate,
etc.), patient record information (e.g., medical history,
age, weight, etc.). In addition, first monitor 26 and second
monitor 28 may be configured to display procedure spe-
cific information (e.g., duration of procedure, catheter or
guide wire position, volume of medicine or contrast agent
delivered, etc.). Monitor 26 and monitor 28 may be con-
figured to display information regarding the position
and/or bend of the distal tip of a steerable guide catheter.
Further, monitor 26 and monitor 28 may be configured
to display information to provide the functionalities asso-
ciated with the various modules of controller 40 dis-
cussed below. In another embodiment, user interface 30
includes a single screen of sufficient size to display one
or more of the display components and/or touch screen
components discussed herein.

[0019] Catheter procedure system 10 also includes an
imaging system 32 located within lab unit 11. Imaging
system 32 may be any medical imaging system that may
be used in conjunction with a catheter based medical
procedure (e.g., non-digital x-ray, digital x-ray, CT, MRI,
ultrasound, etc.). In an exemplary embodiment, imaging
system 32 is a digital x-ray imaging device that is in com-
munication with workstation 14. As shown in FIG. 1, im-
aging system 32 may include a C-arm that allows imaging
system 32 to partially or completely rotate around patient
21 in order to obtain images at different angular positions
relative to patient 21 (e.g., sagittal views, caudal views,
cranio-caudal views, etc.).

[0020] Imaging system 32 is configured to take x-ray
images of the appropriate area of patient 21 during a
particular procedure. For example, imaging system 32
may be configured to take one or more x-ray images of
the heart to diagnose a heart condition. Imaging system
32 may also be configured to take one or more x-ray
images during a catheter based medical procedure (e.g.,
real-time images) to assist the user of workstation 14 to
properly position a guide wire, guide catheter, working
catheter, stent, etc. during the procedure. The image or
images may be displayed on first monitor 26 and/or sec-
ond monitor 28.

[0021] In addition, the user of workstation 14 may be
able to control the angular position of imaging system 32
relative to the patient to obtain and display various views
of the patient’s heart on first monitor 26 and/or second
monitor 28. Displaying different views at different portions
of the procedure may aid the user of workstation 14 prop-
erly move and position the percutaneous devices within
the 3D geometry of the patient’s heart. In an exemplary
embodiment, imaging system 32 may be any 3D imaging
modality of the past, present, or future, such as an x-ray
based computed tomography (CT) imaging device, a
magnetic resonance imaging device, a 3D ultrasound im-
aging device, etc. In this embodiment, the image of the
patient’s heart that is displayed during a procedure may
be a 3D image. In addition, controls 16 may also be con-
figured to allow the user positioned at workstation 14 to
control various functions of imaging system 32 (e.g., im-
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age capture, magnification, collimation, c-arm position-
ing, etc.).

[0022] Referring to FIG. 2, a block diagram of catheter
procedure system 10 is shown according to an exemplary
embodiment. Catheter procedure system 10 may include
a control system, shown as controller 40. As shown in
FIG. 2, controller 40 may be part of workstation 14. Con-
troller 40 is in communication with one or more bedside
systems 12, controls 16, monitors 26 and 28, imaging
system 32, and patient sensors 35 (e.g., electrocardio-
gram ("ECG") devices, electroencephalogram ("EEG")
devices, blood pressure monitors, temperature monitors,
heart rate monitors, respiratory monitors, etc.). In addi-
tion, controller 40 may be in communication with a hos-
pital data management system or hospital network 34,
one or more additional output devices 36 (e.g., printer,
disk drive, cd/dvd writer, etc.), and a hospital inventory
management system 37.

[0023] Communication between the various compo-
nents of catheter procedure system 10 may be accom-
plished via communication links 38. Communication links
38 may be dedicated wires or wireless connections.
Communication links 38 may also represent communi-
cation over a network. Catheter procedure system 10
may be connected or configured to include any other sys-
tems and/or devices not explicitly shown. For example,
catheter procedure system 10 may include IVUS sys-
tems, image processing engines, data storage and ar-
chive systems, automatic balloon and/or stent inflation
systems, contrast media and/or medicine injection sys-
tems, medicine tracking and/or logging systems, user
logs, encryption systems, systems to restrict access or
use of catheter procedure system 10, robotic catheter
systems of the past, present, or future, etc.

[0024] Referring to FIGS. 3-6, an exemplary embodi-
ment of bedside system 12 is shown that is configured
to allow a user to advance, retract and rotate a guide wire
and to advance and retract a working catheter by oper-
ating controls 16 located at workstation 14. In the em-
bodiment shown, bedside system 12 includes a cassette
300 and a motor drive base 302. Cassette 300 is
equipped with a guide wire 301 and with a working cath-
eter 303 to allow a user to perform a catheterization pro-
cedure utilizing cassette 300. In this embodiment, cas-
sette 300 is configured to be mounted to motor drive base
302. FIG. 3 shows a bottom perspective view of cassette
300 prior to mounting to motor drive base 302. Motor
drive base 302 includes a first capstan 304, a second
capstan 306, and a third capstan 308. Cassette 300 in-
cludes afirst capstan socket 310, asecond capstan sock-
et 312, and a third capstan socket 314. Cassette 300
includes a housing 316, and housing 316 includes a base
plate 318.

[0025] Each of the capstan sockets is configured to
receive one of the capstans of motor drive base 302. In
the embodiment shown, base plate 318 includes a hole
or aperture aligned with each of the capstan sockets 310,
312, and 314 to allow each capstan to engage with the
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appropriate capstan socket. As discussed in more detail
below, the engagement between the capstans and cap-
stan sockets allows the transfer of energy (e.g., rotational
movement) generated by one or more actuators (e.g.,
motors) located within motor drive base 302 to each of
the drive mechanisms within cassette 300. In one em-
bodiment, a single actuator provides energy to each of
the drive mechanisms. In another embodiment, there is
an actuator that drives capstan 304, an actuator that
drives capstan 306, and an actuator that drives capstan
308. Further, the positioning of the capstans and capstan
sockets helps the user to align cassette 300 relative to
motor drive base 302 by allowing cassette 300 to be
mounted to motor drive base 302 only when all three
capstan sockets are aligned with the proper capstan.
[0026] In one embodiment, the motors that drive cap-
stans 304, 306, and 308 are located within motor drive
base 302. In another embodiment, the motors that drive
capstans 304, 306, and 308 may be located outside of
base 302 connected to cassette 300 via an appropriate
transmission device (e.g., shaft, cable, etc.). In yet an-
other embodiment, cassette 300 includes motors located
within the housing of cassette 300. In another embodi-
ment, cassette 300 does not include capstan sockets
310, 312, and 314, but includes an alternative mecha-
nism for transferring energy (e.g., rotational motion) from
an actuator external to the cassette to each of the cas-
sette drive mechanisms. For example, rotational move-
ment may be transferred to the drive mechanisms of cas-
sette 300 via alternating or rotating magnets or magnetic
fields located within motor drive base 302.

[0027] In the embodiment shown, cassette 300 also
includes a guide catheter support 311 that supports guide
catheter 317 at a position spaced from cassette 300. As
shown, guide catheter support 311 is attached to cas-
sette 300 by arod 313. Rod 313 and guide catheter sup-
port 311 are strong enough to support guide catheter 317
without buckling. Guide catheter support 311 supports
guide catheter 317 ataposition spaced from the cassette,
between the patientand the cassette to prevent buckling,
bending, etc. of the portion of guide catheter 317 between
the cassette and the patient.

[0028] Referring to FIG. 4, cassette 300 is shown
mounted to motor drive base 302. As shown in FIG. 4,
cassette 300 includes an outer cassette cover 320 that
may be attached to housing 316. When attached to hous-
ing 316, outer cassette cover 320 is positioned over and
covers each of the drive mechanisms of cassette 300.
By covering the drive assemblies of cassette 300, outer
cassette cover 320 acts to prevent accidental contact
with the drive mechanisms of cassette 300 while in use.
[0029] Referring to FIG. 5, cassette 300 is shown in
the "loading" configuration with outer cassette cover 320
removed. Cassette 300 includes a y-connector support
assembly 322, an axial drive assembly 324, and a rota-
tional drive assembly 326. Generally, the various portions
of cassette 300 are placed in the loading configuration
to allow the user to load or install a guide wire and/or
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working catheter into cassette 300. Cassette 300 in-
cludes a Y-connector 338 supported by y-connector sup-
port assembly 322. Y-connector 338 includes a first leg
340, a second leg 342, and a third leg 344. First leg 340
is configured to attach to a guide catheter such that the
central lumen of the y-connector is in fluid communication
with the central lumen of the guide catheter. Second leg
342 is angled away from the longitudinal axis of y-con-
nector 338. Second leg 342 of y-connector 338 allows
introduction of a contrast agent or medicine into the lu-
men of the guide catheter. A one way valve prohibits
bodily fluid from exiting second leg 342. Third leg 344
extends away from the guide catheter toward axial drive
assembly 324. In use, guide wire 301 and working cath-
eter 303 are inserted into third leg 344 of y-connector
338 via opening 346 and may be advanced through y-
connector 338 into the lumen of the guide catheter. The
third leg also includes a one way valve that permits in-
sertion and removal of the working catheter and guide
wire but prohibits bodily fluids from exiting third leg 344.
[0030] Cassette 300 also includes an axial drive as-
sembly 324. Axial drive assembly 324 includes a first
axial drive mechanism, shown as guide wire axial drive
mechanism 350, and a second axial drive mechanism,
shown as working catheter axial drive mechanism 352.
Axial drive assembly 324 also includes a top deck 354
and a cover 356.

[0031] Generally, in use, a guide wire, such as guide
wire 301, is placed within guide wire channel 364 formed
in top deck 354, and guide wire axial drive mechanism
350 includes an engagement structure (e.g, a structure
including wheels 410 and 418 as discussed below) that
is configured to releasably engage and drive (e.g., to im-
part motion to) guide wire 301 along its longitudinal axis.
In this manner, guide wire axial drive mechanism 350
provides for advancement and/or retraction of guide wire
301.Inuse, a working catheter, such as working catheter
303, is placed within working catheter channel 366
formed in top deck 354, and working catheter axial drive
mechanism 352 is configured to releasably engage and
drive (e.g., to impart motion to) working catheter 303
along its longitudinal axis. In this manner, working cath-
eter axial drive mechanism 352 provides for advance-
ment and/or retraction of working catheter 303.

[0032] Cassette 300 also includes a rotational drive
assembly 326. Rotational drive assembly 326 includes
a rotational drive mechanism, shown as guide wire rota-
tional drive mechanism 380, a cover 384, and a journal
388. Guide wire rotational drive mechanism 380 includes
a chassis 382 and an engagement structure 386. Rota-
tional drive assembly 326 is configured to cause guide
wire 301 to rotate aboutits longitudinal axis. Engagement
structure 386 is configured to releasably engage guide
wire 301 and to apply sufficient normal force to guide
wire 301 such that guide wire 301 is allowed to rotate
about its longitudinal axis while permitting guide wire 301
to be moved axially by guide wire axial drive mechanism
350.
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[0033] As explained in more detail below, in one em-
bodiment, engagement structure 386 includes four pairs
of opposed wheels and rotational drive assembly 326 is
supported within housing 316 such that rotation drive as-
sembly 326 is permitted to rotate within and relative to
housing 316. In use, the guide wire, such as guide wire
301, is received within guide wire channel 390 defined
in chassis 382, and the wheels of engagement structure
386 engage guide wire 301 between the wheels of each
pair and apply sufficient normal force to guide wire 301
(i.e., the force perpendicular to the outer surface of guide
wire 301) such that the rotation of rotational drive assem-
bly 326 causes guide wire 301 to rotate about its longi-
tudinal axis along with rotational drive assembly 326 as
rotational drive assembly 326 rotates. Rotational drive
mechanism 380 includes a rotation bevel gear 518 that
is configured to be coupled to capstan 308 of motor drive
base 302 such that rotational drive assembly 326 rotates
in response to rotation of capstan 308.

[0034] FIG. 5 shows cover 356 and cover 384 in the
open positions. When cover 356 and cover 384 are in
the open positions, guide wire axial drive mechanism
350, working catheter axial drive mechanism 352, and
rotational drive mechanism 380 are exposed allowing the
user to load cassette 300 with a guide wire and working
catheter. Once the guide wire and working catheter are
positioned within guide wire channel 364, guide wire
channel 390 and working catheter channel 366, respec-
tively, engagement surfaces of guide wire axial drive
mechanism 350, rotational drive mechanism 380 and
working catheter axial drive mechanism 352 are brought
into engagement with the guide wire and working cath-
eter respectively. With the engagement structures of the
respective drive mechanisms engaged, a user may op-
erate controls 16 at workstation 14 to cause movement
the guide wire and the working catheter.

[0035] Guide wire axial drive mechanism 350 includes
adrive element 400, a first roller assembly 402, a second
rollerassembly 404, and a guide wire axial motion sensor
assembly, shown as encoder assembly 406 (first roller
assembly 402 and second roller assembly 404 are shown
in broken lines in FIG. 5). Drive element 400 includes a
drive shaft 408 and a drive wheel 410. Drive shaft 408 is
configured to engage second capstan 306 of motor drive
base 302 such that drive shaft 408 and drive wheel 410
rotate in response to rotation of second capstan 306.
First roller assembly 402 includes an idler wheel or roller
418. Second roller assembly 404 includes an idler wheel
or roller 430, and encoder assembly 406 includes shaft
438, idler wheel or roller 442 and a magnetic coupling
located at the lower end of shaft 438.

[0036] Drive wheel 410 includes an outer or engage-
ment surface, and roller 418 includes an outer or engage-
ment surface. Referring to FIG. 6, the "use" or "engaged"
position of guide wire axial drive mechanism 350 is
shown. Generally, when guide wire axial drive mecha-
nism 350 is placed in the "use" or "engaged" position,
guide wire 301 is positioned between drive wheel 410
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and roller 418 such that the outer, circumferential surface
of drive wheel 410 and the outer, circumferential surface
of roller 418 engage the guide wire. In this embodiment,
the outer surfaces of drive wheel 410 and roller 418 define
a pair of engagement surfaces. The normal force (i.e.,
the force perpendicular to the surface of guide wire 301)
applied to guide wire 301 by drive wheel 410 and roller
418 is such that the friction between drive wheel 410 and
guide wire 301 is sufficiently high that drive wheel 410 is
able to impart axial motion to guide wire 301 in response
to the rotation of drive shaft 408 caused by rotation of
second capstan 306. This axial motion allows a user to
advance and/or retract a guide wire via manipulation of
controls 16 located at workstation 14. Roller 418 is rotat-
ably mounted within wheel housing 420 and rotates freely
as drive wheel 410 rotates to drive guide wire 301.
[0037] Inthe "engaged" position showninFIG.6, guide
wire 301 is positioned between roller 430 and roller 442
such that the outer, circumferential surfaces of roller 430
and of roller 442 engage the guide wire. In this embodi-
ment, the outer surfaces of roller 430 and of roller 442
define a pair of engagement surfaces and form part of
an engagement structure of encoder assembly 406. Both
rollers 430 and 442 are mounted to rotate freely as drive
wheel 410 imparts axial motion to guide wire 301, and
the normal force applied to guide wire 301 by the outer
surfaces of roller 430 and of roller 442 is such that drive
wheel 410 is able to pull guide wire 301 past roller 430
and 442. In this way, the pair of non-active or idle rollers
430 and 442 help support guide wire 301 and maintain
alignment of guide wire 301 along the longitudinal axis
of cassette 300. Roller 430 is rotatably mounted within
wheel housing 432 and roller 442 is rotatably mounted
to shaft 438, and both roller 430 and 442 rotate freely as
drive wheel 410 moves (e.g., pulls or pushes) guide wire
301 past roller wheels 430 and 442.

[0038] Guide wire axial drive mechanism 350 includes
a first spring 424 and a second spring 436. Spring 424
is biased to exert aforce onto wheel housing 420 causing
roller 418 to engage guide wire 301 against drive wheel
410 generating the normal force noted above. Spring 424
is selected such that the proper amount of normal force
is applied to guide wire 301 by the engagement surfaces
of drive wheel 410 and roller wheel 418 in the "engaged"
position. Spring 436 is biased to exert a force onto wheel
housing 432 causing roller 430 to engage guide wire 301
against roller 442. Spring 436 is selected such that the
proper amount of normal force is applied to guide wire
301 by the engagement surfaces of rollers 430 and 442
in the "engaged" position to support the guide wire while
still allowing the guide wire to be moved axially by drive
wheel 410. In other embodiments, wheels 418 and 430
may be moved into engagement with guide wire 301 via
another mechanism that does not utilize springs 424 and
436. For example, housing 420 and housing 432 may be
coupled to a linkage that allows wheels 418 and 430 to
be moved to a plurality of positions relative to wheels 410
and 442, and the normal force applied to guide wire 301
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is adjusted by varying the distance between wheels 410
and 418 and between wheels 430 and 442 when the
wheels engage guide wire 301. In one embodiment,
springs 424 and 436 may be tuned and/or adjusted to
modify the force applied to guide wire 301 by the wheels
of guide wire axial drive mechanism 350.

[0039] Because the ability of guide wire axial drive
mechanism 350 to move guide 301 may be effected by
the friction between the wheels of the drive assembly and
guide wire 301, the engagement surfaces of one or more
of wheels 410, 418, 430 and 432 may be configured to
ensure the proper amount of friction is applied to guide
wire 301. In particular, the engagement surface of drive
wheel 410 and the engagement surface of roller wheel
418 may be textured (e.g., non-smooth, treaded, slotted,
etc.) to increase friction between the wheels and the
guide wire. Particular embodiments of a wheel for a ro-
botic catheter system, including a textured engagement
surface, are shown and described in detail in U.S. Pro-
visional Application No. 61/384,174, filed September 17,
2010, which is incorporated herein by reference in its
entirety.

[0040] Thus, the friction or grip between the wheels of
guide wire axial drive mechanism 350 and guide wire 301
is a function of the surface properties of the wheels, the
surface properties of the guide wire and the normal force
exerted between the wheels and the outer surface of the
guide wire. The friction between the wheels of guide wire
axial drive mechanism 350 and guide wire 301 is a factor
in how rotational energy is transferred from drive wheel
410 to guide wire 301 and in how guide wire 301 is moved
in response to the transferred energy. As explained in
more detail below, by controlling or varying one or more
of the properties related to the friction within guide wire
axial drive mechanism 350, movement of guide wire 301
can be controlled.

[0041] Encoder assembly 406 includes magnetic cou-
pling at the base of shaft 438 that engages a magnetic
encoder located within motor drive base 302. The mag-
netic encoder is configured to measure an aspect (e.g.,
speed, position, acceleration, etc.) of axial movement of
the guide wire. As roller 442 rotates, shaft 438 rotates
causing the magnetic coupling to rotate. The rotation of
magnetic coupling causes rotation of the magnetic en-
coder within motor drive base 302. Because rotation of
roller 442 is related to the axial movement of guide wire
301, the magnetic encoder within motor drive base 302
is able to provide a measurement of the amount of axial
movement experienced by guide wire 301 during a pro-
cedure. This information may be used for a variety of
purposes. For example, this information may be dis-
played to a user at workstation 14, may be used in a
calculation of or estimated position of the guide wire with-
in the vascular system of a patient, may trigger an alert
or alarm indicating a problem with guide wire advance-
ment, etc. Further, as discussed below, this information
may be used by procedure control module 98 to calculate
and to vary the amount of force or torque being applied
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to guide wire 301 by drive wheel 410.

[0042] Axial drive assembly 324 also includes working
catheter axial drive mechanism 352. Working catheter
axial drive mechanism 352 includes a drive element 452
and a working catheter axial motion sensor assembly,
shown as working catheter encoder assembly 454. Drive
element 452 includes a drive shaft 456 and a drive wheel
458. Drive shaft 456 is configured to engage first capstan
304 of motor drive base 302 such that drive shaft 456
and drive wheel 458 rotate in response to rotation of first
capstan 304. Encoder assembly 454 includes shaft 464
and a roller 466, and a magnetic coupling located at the
lower end of shaft 464.

[0043] Drive wheel 458 includes an outer surface and
roller 466 includes an outer surface. When working cath-
eter axial drive mechanism 352 is in the "engaged" po-
sition, working catheter 303 is positioned between drive
wheel 458 and roller 466, such that outer surfaces of
drive wheel 458 and roller 466 engage working catheter
303. Inthis embodiment, the outer surfaces of drive wheel
458 and roller 466 define a pair of engagement surfaces.
The force applied to working catheter 303 by the outer
surfaces of drive wheel 458 and roller 466 is such that
drive wheel 458 is able to impart axial motion to the work-
ing catheter in response to the rotation of drive shaft 456
caused by rotation of first capstan 304. This axial motion
allows auser to advance and/or retracta working catheter
via manipulation of controls 16 located at workstation 14.
Roller 466 is rotatably mounted to shaft 464 and rotates
freely as drive wheel 458 rotates to drive the working
catheter.

[0044] Encoder assembly 454 includes a magnetic
coupling located at the lower end of shaft 464 that en-
gages a magnetic encoder located within motor drive
base 302. The magnetic encoder is configured to meas-
ure an aspect (e.g., speed, position, acceleration, etc.)
of axial movement of the working catheter. As roller 466
rotates, shaft 464 rotates causing the magnetic coupling
to rotate. The rotation of the magnetic coupling causes
rotation of the magnetic encoder within motor drive base
302. Because rotation of roller 466 is related to the axial
movement of working catheter 303, the magnetic encod-
er within motor drive base 302 is able to provide a meas-
urement of the amount of axial movement experienced
by the working catheter during a procedure. This infor-
mation may be used for a variety of purposes. For exam-
ple, this information may be displayed to a user at work-
station 14, may be used in a calculation of or estimated
position of the working catheter within the vascular sys-
tem of a patient, may trigger an alert or alarm indicating
a problem with working catheter advancement, etc. Fur-
ther, as discussed below in relation to the guide wire mo-
tor, this information may be used by procedure control
module 98 to calculate and to vary the amount of force
or torque being applied to working catheter 303 by drive
wheel 458.

[0045] FIGS. 7 and 8 show perspective views of rota-
tional drive assembly 326 showing cover 384 in the open
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position. Rotational drive assembly 326 includes rota-
tional drive mechanism 380, chassis 382, an engage-
ment structure 386, and a disengagementassembly 510.
Chassis 382 fits over engagement structure 386 and pro-
vides mounting for various components of rotational drive
assembly 326. Chassis 382 includes a front shaft 512
and arear shaft 514. Front shaft 512 is rotatably received
within a collar (shown in broken lines) of top deck 354,
and rear shaft 514 is rotatably received within collar 516
such that rotational drive mechanism 380 is able to rotate
relative to journal 388. As shown, collar 516 extends
through and is supported by journal 388 such that rear
shaft 514 rotates within collar 516 as rotational drive
mechanism 380 is rotated. Collar 516 rests within a re-
cess or slot formed within journal 388. In another embod-
iment, rear shaft 514 may be in direct contact with journal
388 such that rear shaft 514 rotates within the recess or
slot of journal 388 as rotational drive mechanism 380 is
rotated. Guide wire channel 390 extends the length of
chassis 382 through both front shaft 512 and rear shaft
514.

[0046] Rotational drive mechanism 380 includes rota-
tion bevel gear 518 that engages a drive gear 520. Bevel
gear 518 is rigidly coupled to front shaft 512 of chassis
382 such that rotation of bevel gear 518 rotates chassis
382. Drive gear 520 is coupled to a rotational actuator
positioned in motor drive base 302 and engages bevel
gear518. Rotation of the rotational actuator in motor drive
base 302 causes drive gear 520 to rotate which causes
bevel gear 518 to rotate which in turn causes rotational
drive mechanism 380 to rotate. Rotational drive mecha-
nism 380 is allowed to rotate about the longitudinal axis
of guide wire channel 390 via the rotatable connections
between front shaft 512 and top deck 354 and between
rear shaft 514 and journal 388. Bevel gear 518 further
includes a slot 519 in axial alignment with guide wire
channel 390. Slot 519 allows the user to place guide wire
301 into guide wire channel 390 by dropping it in vertically
as opposed to threading it through bevel gear 518. In one
embodiment, rotational drive assembly 326 is equipped
with one or more sensors that are configured to measure
an aspect (e.g., speed, position, acceleration, etc.) of ro-
tation of the guide wire and/or any other structure of ro-
tational drive assembly 326. The sensors that measure
rotation of the guide wire may include magnetic encoders
and/or optical sensors as discussed above regarding the
sensors that measure axial motion of the guide wire
and/or working catheter. However, any suitable sensor
(e.g., resolvers, sychros, potentiometers, etc.) maybe
used to detect rotation of the guide wire.

[0047] Referring to FIG. 8, engagement structure 386
is shown according to an exemplary embodiment. As
shown, engagement structure 386 includes four pairs of
idler wheels orrollers. Each pair of rollers includes a fixed
wheel 522 and an engagement wheel 524. Fixed wheels
522 are rotatably coupled to chassis 382 via fixation posts
530. Each engagement wheel 524 is part of an engage-
ment wheel assembly 523. Each engagement wheel as-
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sembly 523 includes a pivot yoke 532 and a spring 536.
Each engagement wheel is mounted to pivot yoke 532
via a mounting post 538. Each pivot yoke 532 is pivotally
coupled to chassis 382 via fixation posts 534.

[0048] Each fixed wheel 522 includes an outer or en-
gagement surface 526 and each engagement wheel 524
includes an outer or engagement surface 528. Generally,
FIG. 8 and FIG. 9 show engagement structure 386 in the
"use" or "engaged" position. In the "engaged" position,
guide wire 301 is positioned between fixed wheels 522
and engagement wheels 524 such that engagement sur-
faces 526 and 528 are able to engage guide wire 301.
In this embodiment, engagement surface 526 and en-
gagement surface 528 of each pair of rollers define a pair
of engagement surfaces. The normal force applied to
guide wire 301 by engagement surfaces 526 and 528 is
sufficient to cause the guide wire to rotate about its lon-
gitudinal axis as rotational drive assembly 326 is rotated
within the housing of cassette 300. Further, the force ap-
plied to guide wire 301 by engagement surfaces 526 and
528 is also sufficient to allow the guide wire to be moved
axially by guide wire axial drive mechanism 350.

[0049] Springs 536 are biased to exert a force onto
pivot yokes 532 causing each engagement wheel 524 to
engage the opposite fixed wheel 522. The generally L-
shape of pivot yoke 532 allows springs 536 to be aligned
with the longitudinal axis of guide wire 301 and still cause
engagement between engagement wheels 524, fixed
wheels 522, and the guide wire. This allows the lateral
dimension of rotational drive assembly 326 to be less
than if springs 536 were positioned perpendicular to the
longitudinal axis of the guide wire. Springs 536 are se-
lected, tuned, and/or adjusted such that the proper
amount of normal force is applied to the guide wire by
engagement surfaces 526 and 528 in the "engaged" po-
sition.

[0050] Cassette 300 also includes a series of magnets
540 located beneath guide wire channel 390. Because,
in at least some embodiments the guide wire is made
from a magnetic material, magnets 540 are able to inter-
act with the guide wire. In this embodiment, the magnetic
attraction created by magnets 540 helps the user position
guide wire 301 during loading by drawing guide wire 301
into guide wire channel 390. The magnetic attraction cre-
ated by magnets 540 also tends to hold guide wire 301
within guide wire channel 390 during advancement
and/or retraction of the guide wire. Further, magnets 540
help to hold guide wire 301 straight (i.e., parallel to the
longitudinal axis of guide wire channel 390) to aid in the
axial movement caused by guide wire axial drive mech-
anism 350.

[0051] Rotational drive assembly also includes a dis-
engagement assembly 510. Disengagement assembly
510 includes a stepped collar 542, a base plate 544, and
a spring 546. Stepped collar 542 is coupled to base plate
544, and spring 546 is coupled at one end to chassis 382
and at the other end to base plate 544. Stepped collar
542 includes a slot 548 in axial alignment with guide wire
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channel 390. Like slot 519, slot 548 allows the user to
place guide wire 301 into guide wire channel 390 by drop-
ping it in vertically as opposed to threading it through
stepped collar 542. Base plate 544 includes a plurality
of engagement arms 550 that extend generally perpen-
dicular to the plane defined by base plate 544.

[0052] Generally, disengagement assembly 510 al-
lows engagement wheels 524 to be moved away from
fixed wheels 522. Referring to FIGS. 9 and 10, FIG. 10
shows a top view of rotational drive assembly 326 in the
disengaged configuration, and FIG. 9 shows a top view
of rotational drive assembly 326 in the engaged config-
uration. To cause engagement wheels 524 to disengage
from guide wire 301, an axially directed force (depicted
by the arrow in FIG. 10) is applied to stepped collar 542.
This causes base plate 544 to move toward the front of
cassette 300 in the direction of the arrow. As base plate
544 moves forward, spring 546 is compressed, and en-
gagement arms 550 are brought into contact with pivot
yokes 532. The contact between engagement arms 550
and pivot yokes 532 causes springs 536 to be com-
pressed, and pivot yokes 532 pivot about fixation posts
534. As pivot yokes 532 pivot, engagement wheels 524
are drawn away from fixed wheels 522 such that engage-
ment wheels 524 and fixed wheels 522 are not in contact
with guide wire 301. As shown in FIG. 10, this provides
sufficient space between engagement wheels 524 and
fixed wheels 522 to allow the user to place guide wire
301 into guide wire channel 390, and, as explained below,
also allows for the reduction of friction or drag that is
exerted on the guide wire by rotational drive mechanism
380 during axial movement.

[0053] When the axial force is removed from stepped
collar 542, engagement wheels 524 move from the po-
sition shown in FIG. 10 to the "engaged" position shown
in FIG. 9. When the axial force is removed, spring 546
and springs 536 are allowed to expand causing engage-
ment arms 550 to disengage from pivot yokes 532. Pivot
yokes 532 pivot counterclockwise about fixation posts
534, bringing engagementwheels 524 back toward guide
wire channel 390 causing engagement surfaces 526 of
fixed wheels 522 and engagement surfaces 528 of en-
gagement wheels 524 to engage guide wire 301.
[0054] In one embodiment, a user may activate con-
trols located at workstation 14 to cause rotational drive
assembly 326 to move between the engaged position of
FIG. 9 and the disengaged position of FIG. 10. In one
embodiment, rotational drive assembly may be placed in
the disengaged position of FIG. 10 in response to the
user input to facilitate loading and unloading of the guide
wire. In one such embodiment, rotational drive assembly
326 is automatically rotated such that guide wire channel
390 is facing generally upward to allow for easy loading
or removal of the guide wire. In the embodiment shown,
chassis 382 rotates relative to stepped collar 542. In this
embodiment, when rotational drive assembly 326 is in
the "loading" position, a path defined by the engagement
surfaces of engagement structure 386 and guide wire
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channel 390 align with slot 548 of stepped collar 542.
With guide wire channel 390 facing upward, cover 384
is moved from the closed position to the open position
allowing the user to access guide wire channel 390 to
either remove or install the guide wire.

[0055] Motor drive base 302 may include a structure
(e.g., structure 610 shown in FIG. 12 and discussed in
more detail below) that applies the axial force to stepped
collar 542 in response to a user’s activation of controls
located at workstation 14. The structure applies the axial
force to the stepped collar 542 to cause engagement
structure 386 to disengage from the guide wire as dis-
cussed above. In one embodiment, cassette 300 and/or
motor drive base 302 may also include one or more mo-
tors or other actuators that cause the covers of cassette
300 to open in response to a user’s activation of controls
at workstation 14.

[0056] Referring to FIG. 11, a block diagram of con-
troller 40 is shown according to an exemplary embodi-
ment. Controller 40 may generally be an electronic con-
trol unit suitable to provide catheter procedure system
10 with the various functionalities described herein. For
example, controller 40 may be an embedded system, a
dedicated circuit, ageneral purpose system programmed
with the functionality described herein, etc. Controller 40
includes a processing circuit 90, memory 92, communi-
cation module or subsystem 94, communication interface
96, procedure control module or subsystem 98, simula-
tion module or subsystem 100, assist control module or
subsystem 102, mode selection module or subsystem
104, inventory module or subsystem 106, GUI module
or subsystem 108, data storage module or subsystem
110, and record module or subsystem 112.

[0057] Processingcircuit 90 may be a general purpose
processor, an application specific processor (ASIC), a
circuit containing one or more processing components,
a group of distributed processing components, a group
of distributed computers configured for processing, etc.,
configured provide the functionality of module or subsys-
tem components 94, 98-112. Memory 92 (e.g., memory
unit, memory device, storage device, etc.) may be one
or more devices for storing data and/or computer code
for completing and/or facilitating the various processes
described in the present disclosure. Memory 92 may in-
clude volatile memory and/or non-volatile memory. Mem-
ory 92 may include database components, object code
components, script components, and/or any other type
of information structure for supporting the various activ-
ities described in the present disclosure.

[0058] According to an exemplary embodiment, any
distributed and/or local memory device of the past,
present, or future may be utilized with the systems and
methods of this disclosure. According to an exemplary
embodiment, memory 92 is communicably connected to
processing circuit 90 and module components 94,98-112
(e.g., via a circuit or any other wired, wireless, or network
connection) and includes computer code for executing
one or more processes described herein. A single mem-
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ory unit may include a variety of individual memory de-
vices, chips, disks, and/or other storage structures or sys-
tems.

[0059] Module or subsystem components 94, 98-112
may be computer code (e.g., transitory program instruc-
tions, nontransitory program instructions, object code,
program code, compiled code, script code, executable
code, or any combination thereof), hardware, software,
orany combination thereof, for conducting each module’s
respective functions. Module components 94, 98-112
may be stored in memory 92, or in one or more local,
distributed, and/or remote memory units configured to be
in communication with processing circuit 90 or another
suitable processing system.

[0060] Communication interface 96 includes one or
more component for communicably coupling controller
40 to the other components of catheter procedure system
10 via communication links 38. Communication interface
96 may include one or more jacks or other hardware for
physically coupling communication links 38 to controller
40, an analog to digital converter, a digital to analog con-
verter, signal processing circuitry, and/or other suitable
components. Communication interface 96 may include
hardware configured to connect controller 40 with the
other components of catheter procedure system 10 via
wireless connections. Communication module 94 is con-
figured to support the communication activities of con-
troller 40 (e.g., negotiating connections, communication
via standard or proprietary protocols, etc.).

[0061] Data storage module 110 is configured to sup-
port the storage and retrieval of information by controller
40. In one embodiment, data storage module 110 is a
database for storing patient specific data, including im-
age data. In another embodiment, data storage module
110 may be located on hospital network 34. Data storage
module 110 and/or communication module 94 may also
be configured toimportand/or export patient specific data
from hospital network 34 for use by controller 40.
[0062] Controller 40 also includes simulation module
or subsystem 100, assist module or subsystem 102,
mode selection module or subsystem 104, inventory
module or subsystem 106, GUI module or subsystem
108, data storage module or subsystem 110, and record
module or subsystem 112. Generally, simulation module
100 is configured to run a simulated catheterization pro-
cedure based upon stored vascular image data and also
based upon a user’s manipulation of controls 16. Gen-
erally, assist module 102 is configured to provide infor-
mation to the user located at workstation 14 during a real
and/or simulated catheterization procedure to assist the
user with the performance of the procedure. Specific em-
bodiments of controller 40, including specific embodi-
ments of simulation module 100, and assist module 102,
are described in detail in P.C.T. International Application
No. PCT/US2009/055318, filed August 28, 2009, which
is incorporated herein by reference in its entirety. Other
specific embodiments of controller 40, including specific
embodiments of GUI module 108, aredescribedin P.C.T.
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International Application No. PCT/US2009/055320, filed
August 28, 2009, which is incorporated herein by refer-
ence in its entirety.

[0063] Controller 40 also includes a procedure control
module 98 configured to support the control of bedside
system 12 during a catheter based medical procedure.
Procedure control module 98 allows the user to operate
bedside system 12 by manipulating controls 16. In vari-
ous embodiments, procedure control module 98 is con-
figured to generate one or more control signals 116 based
upon a first user input (e.g., the user’'s manipulation of
controls 16) and, in some embodiments, also based upon
a second input such as various data and information
available to procedure control module 98. In various em-
bodiments discussed in more detail below, the second
input includes information related to the catheter device.
As shown in FIG. 12, control signals 116 generated by
procedure control module 98 are communicated from
controller 40 to the actuators or motors of bedside system
12. Inresponse to control signals 116, the motors of bed-
side system 12 drive the drive mechanisms of cassette
300 (e.g., guide wire axial drive mechanism 350, working
catheter axial drive mechanism 352, guide wire rotational
drive mechanism 380, etc.) to cause movement of the
guide wire or working catheter in accordance with the
manipulation of controls 16 by the user. Procedure con-
trol module 98 may also cause data appropriate for a
particular procedure to be displayed on monitors 26 and
28. Procedure control module 98 may also cause various
icons (e.g., icons 162, 164, 166, etc.) to be displayed on
touch screen 18 that the user may interact with to control
the use of bedside system 12.

[0064] Referringto FIG. 12, ablock diagram of catheter
procedure system 10 is shown according to an exemplary
embodiment. In the exemplary embodiment of FIG. 12,
motor drive base 302 includes working catheter axial
drive motor 600, guide wire axial drive motor 602, a guide
wire rotational drive motor 604, a power supply 606, and
a disengagement actuator 608. Working catheter axial
drive motor 600 drives capstan 304, guide wire axial drive
motor 602 drives capstan 306 and guide wire rotational
drive motor 604 drives capstan 308 to cause movement
of working catheter 303 and guide wire 301, as discussed
above. Motors 600, 602 and 604 are in communication
with controller 40 such that control signals 116 may be
received by motors 600, 602 and 604. Motors 600, 602
and 604 respond to control signals 116 by varying the
rotation of capstans 304, 306 and 308 thereby varying
the movement of working catheter 303 and guide wire
301 caused by drive mechanisms 352, 350 and 380. As
shown, motor drive base 302 also includes a power sup-
ply 606 that may be, for example, a battery, the AC build-
ing power supply, etc.

[0065] Movement of a percutaneous device using a
robotic system may be effected by a number of interre-
lated factors. For example, movement of a percutaneous
device may be effected by the friction between the per-
cutaneous device and the portions of the engagement
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structure imparting movement to the device (e.g., drive
wheel 410) and also on the friction between the percu-
taneous device and non-active or supporting portions of
the engagement structure (e.g., roller wheels 418, 430
and 442). Movement of a percutaneous device may be
effected by on the friction or drag applied to the percuta-
neous device by other structures within the system, and
it may also be effected by the characteristics (e.g., power,
torque, etc.) of the motor or other actuator that is respon-
sible for generating the energy that results in movement
of the percutaneous device. In various embodiments,
catheter procedure system 10 is configured to provide
for adaptable or adjustable control over the manner in
which the percutaneous device is moved by catheter pro-
cedure system 10. In such embodiments, catheter pro-
cedure system 10 may be configured to provide for var-
iability and user control over one or more of the factors
that relate to the manner in which a percutaneous device
is moved by catheter procedure system 10. Providing
variability allows the movement of the percutaneous de-
vice by catheter procedure system 10 to be adjusted to
suit the specific needs of a particular situation (e.g., par-
ticular types of percutaneous devices, different types of
procedures, particular anatomy being navigated, the par-
ticular disease being treated, particular user preferences,
etc.).

[0066] In various embodiments, catheter procedure
system 10 is configured to provide for the variation of the
torque and/or rotational speed of an actuator, such as
guide wire axial motor 602. FIG. 13 is a flow diagram
generally showing control and variation of drive torque
by catheter procedure system 10 according to an exem-
plary embodiment. At step 612, a user input is received,
and at step 614 a second input is received. At step 616
a control signal is generated based on the user input and
the second input, and the generated control signal is com-
municated to one of the actuators that provides torque
to the drive mechanism of bedside system 12. The torque
generated in response to the control signal by the actu-
ator may be varied, controlled or limited as discussed
herein. At step 618, the actuator provides torque to the
drive mechanism based on the control signal, and at step
620 the percutaneous device is moved by the drive mech-
anism.

[0067] In some embodiments, procedure control mod-
ule 98 and/or guide wire axial drive motor 602 may be
configured to provide for variability and control of the axial
force (i.e., the force directed along the longitudinal axis
of guide wire 301 that results in advancement and retrac-
tion of guide wire 301) applied to guide wire 301 by drive
wheel 410 during advancement and retraction of guide
wire 301. Variability and control of the axial force applied
to guide wire 301 may be desirable for various reasons
including, providing improved ability to traverse a partial
occlusion or chronic total occlusion (collectively referred
toas"CTQ"), etc. In various embodiments, variability and
control of the axial force applied to guide wire 301 is
achieved by varying the current and/or voltage supplied
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to guide wire axial drive motor 602 from power supply
606. This control of guide wire axial drive motor 602 acts
to vary the rotational speed and/or torque that guide wire
axial drive motor 602 imparts to guide wire 301 via cap-
stan 306 and drive wheel 410.

[0068] In some embodiments, variation of current
and/or voltage supplied to guide wire axial drive motor
602 from power supply 606 (and the corresponding var-
iation in the rotational speed and/or torque that guide
wire axial drive motor 602 imparts to guide wire 301) oc-
curs in response to control signals 116 generated by pro-
cedure control module 98. Control signals 116 may be
based upon a user input (e.g., the user’s operation of
controls 16) and based upon a second input (e.g., other
information or data available to procedure control module
98, an additional user input, etc.), and the actuator may
provide torque to a percutaneous device (e.g., the guide
wire) via a drive mechanism in response to the control
signal. Procedure control module 98 is described as be-
ing configured to control, limit, vary, etc. the torque pro-
vided an actuator, such as guide wire axial drive motor
602, based on various inputs (e.g., information, data, op-
erating conditions, etc.) and/or based upon user inputs
received by a user interface (e.g., controls 16). It should
be understood that, in one embodiment, the functionali-
ties provided by control module 98 discussed herein are
provided by generating control signals 116 based upon
the various inputs, and the control signals 116 are trans-
mitted or communicated to an actuator (e.g., guide wire
actuator 602). In this embodiment, the actuator then pro-
vides or generates a torque to a drive mechanism in re-
sponse to the control signal.

[0069] During some intervention procedures, it is nec-
essary that the guide wire traverse a partial or total oc-
clusion of the coronary arteries. During these proce-
dures, the guide wire must be advanced with enough
axial force such that the guide wire pushes through the
occlusion. However once the guide wire is through the
occlusion it may be desirable to reduce the amount of
torque the motor provides to drive the guide wire. Thus,
in various embodiments, guide wire axial drive motor 602
is a motor having torque and speed characteristics such
that it provides increased torque during traversal of the
occlusion. For example, in one embodiment, guide wire
axial drive motor 602 is configured to deliver sufficient
torque via its output shaft such that the axial force im-
parted to guide wire 301 is great enough to allow guide
wire 301 to traverse a total occlusion. In another embod-
iment, guide wire axial drive motor 602 is configured such
that the maximum torque that may be delivered via its
output shaft is such that the axial force imparted to guide
wire 301 is not sufficient to traverse the occlusion.
[0070] In another embodiment, guide wire axial drive
motor 602 is selected to have a relatively low maximum
output shaft speed (i.e., the no-load speed of the motor)
to prevent sudden unwanted acceleration of guide wire
301. For example, the output speed of the motor shaft
may be varied so as to not provide sufficient axial force
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to traverse the occlusion. This lower force may be useful
when navigating the guide wire to the occlusion, or after
the guide wire has traveled through the occlusion. A re-
duction in motor torque may be desirable once the guide
wire has traversed an occlusion, such as a CTO, with
guide wire 301. This will limit the guide wire from accel-
erating once the load of the occlusion has passed. This
potential unwanted acceleration of guide wire 301 can
be minimized by selecting a guide wire axial drive motor
602 with a low maximum output shaft speed or with a
controller that controls the speed to a constant speed at
agiven input by the operator. For example, if the operator
moves a joystick a certain distance from a neutral posi-
tion, the speed will remain constant even if the torque is
modified for a portion of the travel distance of the guide
wire.

[0071] In other embodiments, procedure control mod-
ule 98 is configured to control the voltage and/or current
supplied to guide wire axial drive motor 602 by power
supply 606 in order to control and vary the axial force
applied to guide wire 301 by drive wheel 410 based upon
afirst user input and a second input. In one embodiment,
procedure control module 98 is configured to limit the
maximum speed and maximum torque supplied by guide
wire axial drive motor 602 based upon an inputindicative
of the current location of the tip of the guide wire within
the patient’s vascular system. Thus, in this embodiment,
control signal 116 generated by procedure control mod-
ule 98 may be based upon information related to the lo-
cation of the tip of the guide wire within the patient and
based upon the user’'s operation of controls 16. For ex-
ample, procedure control module 98 may be configured
such that the maximum speed and/or maximum torque
supplied by guide wire axial drive motor 602 is set higher
when the tip of the guide wire is located with the large
arteries (e.g., aorta, femoral artery, etc.) and the maxi-
mum speed and/or maximum torque supplied by guide
wire axial drive motor 602 is set lower when the tip of the
guide wire is located with the smaller arteries (e.g., cor-
onary arteries, etc.). In such embodiments, procedure
control module 98 may be configured to determine the
information related to the location of the tip of the guide
wirein various way. For example, procedure control mod-
ule 98 may prompt the user to input the current location
of the tip of the guide wire via controls 16 (e.g., touch
screen 18), location of the guide wire tip may be deter-
mined by image processing of images captured via im-
aging system 32, or the location may be determined via
the distance information captured by a guide wire axial
motion sensorassembly, such as encoder assembly 406,
discussed above.

[0072] In another embodiment, procedure control
module 98 is configured to limit the maximum speed
and/or maximum torque supplied by guide wire axial drive
motor 602 based upon an input indicative of the type of
movement being preformed by the guide wire. Thus, in
one embodiment, control signal 116 generated by pro-
cedure control module 98 may be based upon informa-
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tion related to the direction of movement of the guide wire
and based upon the user’s operation of controls 16. For
example, procedure control module 98 may be config-
ured such that the maximum torque and/or speed sup-
plied by guide wire axial drive motor 602 is set lower
when the guide wire is being advanced and the maximum
torque and/or speed supplied by the guide wire axial drive
motor 602 is set higher when the guide wire is being
retracted. This arrangement may be desirable because
blood vessel perforation may be less likely when the
guide wire is being retracted.

[0073] In other embodiments, procedure control mod-
ule 98 may be configured to control the torque and speed
supplied by guide wire axial drive motor 602 to assist in
traversal of an occlusion such as a CTO. Thus, in one
embodiment, control signal 116 generated by procedure
control module 98 may be based upon an input indicative
of information related to whether the tip of the percuta-
neous device is traversing an occluded portion of a vessel
of the patient’s vascular system and based upon the us-
er's operation of controls 16. For example, procedure
control module 98 may be configured such that the max-
imum torque supplied by guide wire axial drive motor 602
is set higher and the maximum speed supplied by guide
wire axial drive motor 602 is set lower during traversal of
a CTO. In this embodiment, controls 16 (e.g., touch
screen 18) may include a button that the user selects
when occlusion or CTO traversal is about to start, and
selection of the button by the user provides a user input
that activates the occlusion or CTO traversal limits dis-
cussed above. In other embodiments, procedure control
module 98 may determine that occlusion or CTO traver-
sal is occurring by identifying the position of the guide
wire relative to the occlusion or CTO from image infor-
mation captured by imaging system 32. In another em-
bodiment, procedure control module 98 may be config-
ured to determine the extent of occlusion or CTO traver-
sal that has occurred (i.e., how far through the occlusion
or CTO the guide wire has traveled), and to control the
torque and speed supplied by guide wire axial drive motor
602 based on the extent of occlusion or CTO traversal.
For example, procedure control module 98 may be con-
figured to decrease the torque supplied by guide wire
axial drive motor 602 as the guide wire nears the end of
the occlusion or CTO. In one such embodiment, the ex-
tent of occlusion or CTO traversal by the guide wire is
determined from image information captured by imaging
system 32.

[0074] In another embodiment, procedure control
module 98 is configured to limit the maximum torque sup-
plied by guide wire axial drive motor 602 such that the
axial force imparted to guide wire 301 is low enough that
guide wire 301 is capable of navigating through the blood
vessels needed during a procedure at a proper force lev-
el. In one such embodiment, procedure control module
98 is configured with a set or non-variable maximum
torque threshold such that the torque supplied by guide
wire axial drive motor 602 remains below the threshold
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under all operating conditions. In this embodiment, the
setor non-variable maximum torque threshold is selected
such that the axial force applied to the guide wire is op-
timized for the type of blood vessel to be traversed during
a particular procedure.

[0075] In another embodiment, procedure control
module 98 is configured with a variable maximum torque
threshold that is determined based upon various data or
information accessible by procedure control module 98.
In this embodiment, the torque supplied by guide wire
axial drive motor 602 remains below the variable thresh-
old during the procedure. In one such embodiment, the
variable maximum torque threshold is determined from
image data captured by imaging system 32. Thus, in this
embodiment the maximum torque threshold may be de-
termined based upon the thickness of the blood vessel
walls at a certain location identified from the image data,
and procedure control module 98 is configured to utilize
the determined torque threshold to limit the maximum
allowable torque of guide wire axial drive motor 602 as
the guide wire traverses that portion of the blood vessel.
In another embodiment, the maximum torque threshold
utilized by procedure control module 98 is based upon
the characteristics of the particular guide wire being used.
For example, the maximum torque threshold may be set
higher for a larger diameter guide wire than for a smaller
diameter guide wire.

[0076] In another embodiment, procedure control
module 98 may be configured to allow the user to set the
maximum torque and maximum speed supplied by guide
wire axial drive motor 602. In one embodiment, proce-
dure control module 98 may display a button on touch
screen 18 prompting the user to set the maximum torque
and maximum speed. In another embodiment, controls
16 may include a set of controls (e.g., dials, sliders, etc.)
allowing the user to set the maximum torque and maxi-
mum speed supplied by guide wire axial drive motor 602.
In various embodiments, the user may be able to adjust
the maximum torque and maximum speed as desired
through out the procedure.

[0077] In various embodiments, catheter procedure
system 10 may be configured to limit the torque supplied
by guide wire axial drive motor 602 to ensure that the
supplied torque does not exceed a default maximum
torque limit. In an embodiment in which guide wire axial
drive motor 602 is an electric motor, procedure control
module 98 may be configured to limit the amount of elec-
trical current supplied to guide wire axial drive motor 602
by power supply 606 such that the torque supplied by
guide wire axial drive motor 602 does not exceed the
default maximum torque. The electrical current limit may
be applied either via hardware or via computer code. In
one such embodiment, procedure control module 98 may
be programmed to include an electrical current limit, and
procedure control module 98 may be configured to pre-
vent the current delivered to guide wire axial drive motor
602 from exceeding the current limit.

[0078] Inanembodimentincluding a default maximum
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torque as shown in FIG. 14, a catheter procedure system
10 may be provided that includes a default maximum
torque limit at step 630. At step 632, a user input may be
received, and, at step 634, the default maximum torque
limit may be deactivated based on the received user in-
put. In this embodiment, the user interface of catheter
procedure system 10 may be configured to receive the
user input that allows the user to deactivate the default
maximum torque. In one such embodiment, an element
of controls 16 (e.g., an icon displayed on touch screen
18 suchasicon 162, 164 and 166)is configured to receive
one or more user inputs to allow the user to deactivate
and reactivate the default maximum torque threshold as
desired. In this embodiment, the user may interact with
the control element to deactivate the default maximum
torque limit allowing the torque provided by guide wire
axial drive motor 602 to exceed the default threshold.
This embodiment may provide greater flexibility by allow-
ing the user of catheter procedure system 10 to remove
the default torque limit in situations where a greater
torque is desired or needed. For example, the default
maximum torque limit may be deactivated during partic-
ular types of procedures, while using different types of
guide wires, while navigating various portions of the vas-
cular system, etc.

[0079] Inone embodiment, if the user has deactivated
the maximum torque limit, at step 636 a second user
input may be received, and, at step 638, the default max-
imum torque limitis reactivated in response to the second
user input. In one such embodiment, the user may reac-
tivate the default maximum torque limit by interacting with
the control element to ensure that the torque provided
by guide wire axial drive motor 602 does not exceed the
default maximum limit. The user may reactivate the de-
fault maximum torque limit once the portion of the pro-
cedure that necessitated use of a higher torque is com-
plete. In another embodiment, catheter procedure sys-
tem 10 may be configured to automatically reactivate
(e.g., to reactivate without the need for a specific user
input) the default maximum torque limit. Inone exemplary
embodiment, procedure control module 98 is configured
to automatically reactivate the default maximum torque
limit when the user has stopped interacting with controls
16 to move a percutaneous device for a set period of
time. In another embodiment, the default maximum limit
may be reactivated prior to the start of a new procedure
on a new patient.

[0080] Inoneembodiment, catheter procedure system
10 is configured to display information to the user at work-
station 14 regarding whether the default maximum torque
limitis currently active oris currently inactive. In one such
embodiment, a separate icon (such as icon 162, 164 and
166) may be displayed via a display device of workstation
14 indicating the current status of the default maximum
torque limit. In another embodiment, the control element
for controlling activation and deactivation of the default
maximum torque limit may be configured to provide an
indication of the current status of the default max torque
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limit. For example, the control element may be a touch
screen icon that assumes one color (e.g., gray) when the
limit is inactive and another color (e.g., blue) when the
limit is active.

[0081] In another embodiment, catheter procedure
system 10 may include a default maximum torque limit,
as discussed above, and a fixed or absolute maximum
torque limit that may not be deactivated. In such an em-
bodiment, the absolute maximum torque limit is greater
than the default maximum torque limit and is selected to
ensure that the torque supplied by guide wire axial drive
motor 602 does not exceed the structural, safety or other
limits of the guide wire or of the components of the bed-
side system. In one such embodiment, catheter proce-
dure system 10 may be configured to allow the user to
adjust or set the maximum torque limit to a maximum
torque value between the default maximum torque limit
and the absolute maximum torque limit. Once set, the
torque limit set by the user will be applied by catheter
procedure module 98 to ensure that the torque supplied
by guide wire axial drive motor 602 does not exceed the
set torque limit.

[0082] In some embodiments, the default maximum
torque limit may be variable. For example, in some em-
bodiments, the default maximum torque limit may be
based upon one or more factor of a particular procedure
that is being performed using catheter procedure system
10. For example, the default maximum torque may be
based on the type of procedure being performed, the type
of percutaneous device being moved by bedside system
12, the size of the vasculature that the percutaneous de-
vice is being navigated through, etc. This variability may
help to ensure that the default maximum torque limit is
setto avalue thatis desirable for the particular procedure
that is being performed. Catheter procedure system 10
may be configured to automatically detect the factors
needed to set the default maximum threshold for the pro-
cedure. In one embodiment, the type of percutaneous
device that bedside system 12 is equipped with may be
identified via a barcode or via an RFID tag associated
with the percutaneous device, and the size of the vascu-
lature may be determined by processing image data
showing the vessels within which the device is being
moved.

[0083] In one embodiment, bedside system 12 may
include a sensor configured to determine the amount of
axial force applied to guide wire 301 by guide wire axial
drive motor 602 as guide wire axial drive mechanism 350
advances and retracts the guide wire. In another embod-
iment, procedure control module 98 may be configured
to determine the amount of axial force applied to guide
wire 301 by guide wire axial drive motor 602 as guide
wire axial drive mechanism 350 advances and retracts
the guide wire by monitoring the operating state of guide
wire axial drive motor 602. In one embodiment, proce-
dure control module 98 is configured to display informa-
tion related to the determined amount of axial force to
the user via a display device, such as monitors 26 and
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28. For example, the display may be a bar display that
fills in as axial force increases or a dial display with a
needle that indicates the determined force. The display
may also provide an indication of the axial force that
would result in blood vessel perforation during the pro-
cedure. This indication may be a displayed force number
or may be a graphical representation, such as a threshold
line, displayed on the bar display discussed above. Pro-
cedure control module 98 may be configured to deter-
mine the axial force that would result in blood vessel per-
foration based on the location of the guide wire (e.g., in
the aorta, in the coronary arteries, etc.) or this determi-
nation may be calculated from the image information of
the patient’s vascular system. For example, the image
information may provide an indication of vascular wall
thickness in the area in which the tip of guide wire 301
is located, and the wall thickness may be used to calcu-
late the amount of force needed to puncture a vessel wall
having that thickness.

[0084] In various embodiments, catheter procedure
system 10 is configured to control and vary the amount
of friction or drag that is applied to the percutaneous de-
vices by bedside system 12 during movement of the per-
cutaneous device. Movement of the percutaneous de-
vice by bedside system 12 can be altered by controlling
the friction experienced by the percutaneous device. For
example, the axial speed (e.g., speed of advancement
or retraction) and rotational speed of a percutaneous de-
vice that results from a particular drive torque can be
increased by decreasing the friction or drag experienced
by the percutaneous device. Conversely, the axial speed
(e.g., speed of advancement or retraction) and rotational
speed of a percutaneous device that results from a par-
ticular axial drive torque can be decreased by increasing
the friction or drag experienced by the percutaneous de-
vice.

[0085] Friction occurs between the percutaneous de-
vice and the drive mechanism wheels, and unneeded
friction can be reduced by disengaging wheels that do
not need to be engaged for the current movement of the
percutaneous device. Accordingly, in one embodiment,
bedside system 12 may be operated in at least a first
drive mode to move the percutaneous device when one
or more unneeded engagement structure is disengaged
from the percutaneous device and a second drive mode.
[0086] In one embodiment, the first drive mode is an
accelerated or "high speed" axial drive mode during
which one or more non-axial drive wheels of bedside sys-
tem 12 are disengaged from the guide wire to lower the
drag on the guide wire, and the second drive mode is a
nonaccelerated axial drive mode during which all of the
non-axial drive wheels of bedside system 12 are engaged
with the guide wire. Thus, while in the "high speed" axial
drive mode, one or more of the non-axial drive wheels
(e.g., roller wheels 430 and 442 of encoder assembly
406, and wheels 522 and 524 of rotational drive assembly
326) may be disengaged from the guide wire to reduce
the friction on the guide wire. In the "high speed" axial



29 EP 3 659 661 A1 30

drive mode, the guide wire will move axially at a faster
speed and will accelerate faster for a given torque sup-
plied by guide wire axial drive motor 602 when compared
to a movement mode in which the non-axial drive wheels
of bedside system 12 are engaged with the guide wire.
[0087] In one embodiment of a system operable in a
"high speed" axial drive mode, catheter procedure sys-
tem 10is configured to disengage the engagement struc-
ture (e.g., wheels 522 and 524 shown in FIG. 10) of the
rotational drive assembly from the guide wire when bed-
side system 12 is to be operated in "high speed" axial
drive mode. In this embodiment, as shown in FIG. 12,
bedside system 12 may include a disengagement actu-
ator 608 located within motor drive base 302 that is con-
figured to cause disengagement of the wheels of guide
wire rotational drive mechanism 380 when bedside sys-
tem 12 is to be operated in the high speed axial mode.
Further, controls 16 may include one or more control el-
ement (e.g., a touch screen icon such as icon 162, 164
and 166) configured to receive user inputs that allow the
user to activate and deactivate the high speed mode.
When the "high speed" mode control element is activat-
ed, a control signal 116 is transmitted to disengagement
actuator 608 triggering activation of disengagement ac-
tuator 608 which in turn causes disengagement of the of
the engagement structure of the rotational drive assem-
bly from the guide wire. When the "high speed" mode
control element is deactivated, a control signal triggers
deactivation of disengagement actuator 608 which in turn
causes reengagement of the engagement structure of
the rotational drive assembly with the guide wire.
[0088] In one exemplary embodiment, the engage-
ment structure of the rotational drive assembly includes
several sets of pairs of wheels 522 and 524 as shown in
FIG. 9 and 10. As discussed above regarding FIG. 9 and
FIG. 10, wheels 522 and 524 may be moved from the
engaged position (FIG. 9) to the disengaged position
(FIG. 10) by the application of an axial force to base plate
544. The axial force causes wheels 524 to pivot away
from wheels 522 such that the outer surfaces of wheels
522 and 524 no longer contact guide wire 301. As shown
in FIG. 12, bedside system 12 may include a structure
610 that is moved by disengagement actuator 608 to ap-
ply the axial force to base plate 544. In one embodiment,
structure 610 is a pair of rods or arms that extend from
the upper surface of motor drive base 302 and are posi-
tioned adjacent to base plate 544.

[0089] Whenthe useractivates "high speed" axialdrive
mode, actuator 608 moves the two arms of disengage-
ment structure 610 laterally (parallel to the upper surface
of the motor drive base 302) to engage the outer surface
of base plate 544 and to apply the axial force to base
plate 544 to disengage wheels 522 and 524 from guide
wire 301. With wheels 522 and 524 disengaged from
guide wire 301 the friction or drag on the guide wire is
decreased which allows the guide wire to be moved ax-
ially at a faster speed for a particular drive motor torque.
[0090] In one embodiment, dedicated guide wire con-
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trol 23 (FIG. 1) is a joystick type control. In this embodi-
ment, the electric current delivered to guide wire axial
motor 602 from power supply 606 is a function of the
degree of displacement of the joystick, and the torque
supplied by guide wire axial motor 602 is a function of
the delivered electric current. In this embodiment, for a
particular displacement of the joystick control (e.g., a par-
ticular user input), a given or predetermined torque will
be supplied to guide wire axial drive mechanism 350 from
guide wire axial motor 602. Thus in the "high speed" axial
mode, the speed of guide wire 301 for given the prede-
termined torque will be greater than the speed of guide
wire 301 for the same torque when the engagement struc-
ture of the rotational drive mechanism is engaged. Fur-
ther, in one embodiment, catheter procedure system 10
sets a maximum for the electrical current supplied to
guide wire axial motor 602, and, in this embodiment, the
maximum speed of the guide wire is greater when bed-
side system 12 is operating in "high speed" mode than
when bedside system 12is operating in the regular mode.
[0091] When "high speed" axial mode is no longer
needed or rotational movement is desired, a control el-
ement of controls 16 is actuated by the user to deactivate
"high speed" axial mode. When controls 16 receive the
input from the userindicating that the systemis be moved
from "high speed" mode to regular mode, the two arms
of disengagement structure 610 are moved away from
base plate 544 disengaging disengagement structure
610 from the surface of base plate 544 allowing wheels
522 and 524 to reengage guide wire 301 as discussed
above. With wheels 522 and 524 engaged with guide
wire 301, bedside system 12 is then operated in the non-
high speed or regular axial drive mode.

[0092] As noted above, the user may manually toggle
between "high speed" and non-high speed axial drive
modes by interacting with a control element of controls
16. Because shortening procedure time is often advan-
tageous, the user may select to operate bedside system
12 in "high speed" mode in a number of situations. In
particular, the user may select "high speed" axial drive
mode to perform those portions of the procedures in
which slow, precise movements are not necessary. For
example, high speed axial drive mode may be selected
by the user when the guide wire is moving through large
blood vessels and/or during retractions of the guide wire
after the procedure is completed.

[0093] In another embodiment, catheter procedure
system 10 may be configured to operate in a "high speed"
rotational drive mode. Similar to the embodiments dis-
cussed above, in this embodiment, the engagement
structure of the guide wire axial drive mechanism may
be disengaged from the guide wire. With the friction ex-
perienced by the guide wire reduced, the rotational drive
mechanism can rotate the guide wire at a faster speed
or acceleration. In one such embodiment, the "high
speed" rotational drive mode may be selected to facilitate
rotation of the guide wire during traversal of an occluded
portion of the patient’s vascular system.
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[0094] In some embodiments, controller 40 (e.g., via
assist module 102) may be configured to provide a sug-
gestion to the user located at workstation 14 regarding
whether operating in "high speed" mode is recommend-
ed, desirable, etc. In one such embodiment, the sugges-
tion may be based upon various information available to
controller 40. For example, procedure control module 98
may determine the diameter of the blood vessel that the
tip of the guide wire is in from imaging data, and if the
diameter is greater than a predetermined threshold, pro-
cedure control module 98 may display a suggestion to
the user that "high speed" mode may be enabled.
[0095] In other embodiments, controller 40 may be
configured to limit those situations in which the user may
activate "high speed" mode. For example, in one such
embodiment, if the determined diameter of the blood ves-
sel is less than a predetermined threshold, control mod-
ule 98 may be configured to prohibit the activation of high
speed mode by the user. In this embodiment, the control
for activating "high speed" mode may be configured to
provide an indication regarding whether "high speed"
mode is available. For example, the control for activating
"high speed" mode may be a touch screen icon (such as
icon 162, 164 and 166) that may be displayed in a first
color (e.g., grey) when "high speed" mode is not available
and asecond color (e.g., green) when "high speed" mode
is available.

[0096] Referring to FIG. 15, a method of operating a
robotic catheter procedure system is shown according
to an exemplary embodiment. At step 640, a robotic cath-
eter procedure system, such as the various embodiments
of catheter procedure system 10 discussed above, is pro-
vided. At step 642, the percutaneous device is engaged
by atleasttwo engagement structures of the robotic cath-
eter system (e.g., an engagement structure of an axial
drive mechanism and an engagement structure of a ro-
tational drive mechanism). This engagement may result
from control signals 116 generated by user interaction
with controls 16, as discussed above. At step 644, one
ofthe engagement structures is disengaged from the per-
cutaneous device. This disengagement may result from
a control signal 116 generated by the user via interaction
with controls 16. At step 646, the engaged drive mech-
anismis operated to move the percutaneous device while
the other engagement mechanism remains disengaged.
The movement of the percutaneous device may result
from a control signal 116 generated by the user via in-
teraction with controls 16 as discussed above. At step
648, the disengaged engagement structure may be reen-
gaged with the percutaneous device. The reengagement
of the engagement structure may result from a control
signal 116 generated by the user via interaction with con-
trols 16 as discussed above.

[0097] In various embodiments, catheter procedure
system 10 may be configured to control or vary the
amount of friction experienced between the engagement
structure of the drive mechanism and the percutaneous
device. For example, in one embodiment, catheter pro-
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cedure system 10 may be configured to control or vary
the amount of friction experienced between wheels 410,
418, 430 and 442 of guide wire axial drive mechanism
350 (shown in FIG. 6) and guide wire 301.

[0098] As discussed above regarding FIG. 6, springs
424 and 436 exert a force to bias wheels 418 and 430 to
engage guide wire 301 between wheels 410 and 442,
respectively. In one such embodiment, the normal force
applied to guide wire 301 by wheels 410, 418, 430 and
442 generated by springs 424 and 436 (e.g., the pinch
force) may be variable or controllable allowing for control
of the friction between the wheels 410, 418, 430 and 442
and guide wire 301.

[0099] In various embodiments, the pinch force may
be varied to accommodate the use of a variety of different
types of guide wires. For example, if cassette 300 is
equipped with a guide wire having a rough or textured
outer surface, the pinch force generated by springs 424
and 436 may be decreased to ensure the proper amount
of friction between the wheels and the guide wire. In con-
trast, if cassette 300 is equipped with a guide wire having
a smooth outer surface, the pinch force generated by
springs 424 and 436 may be increased to ensure the
proper amount of friction between the wheels and the
guide wire. In other embodiments, the pinch force may
be controlled to vary the performance of cassette 300
during a procedure. For example, the pinch force may
be increased to help ensure that the guide wire remains
in place (i.e., no axial motion occurs) when the controls
for guide wire axial motion are not being actuated by the
user and/or when the user is actuating controls for a dif-
ferent percutaneous device.

[0100] The pinch force may be varied or controlled by
the user in various ways. For example, in one embodi-
ment, cassette 300 may include one or more actuators,
shown as spring force actuator 650 in FIG. 12, configured
to adjust or vary the force generated by springs 424 and
436 in response to a control signal received from con-
troller 40. Referring to FIG. 6, in one embodiment, spring
424 is mounted at one end to wheel housing 420 and at
the other end to mounting block 652, and spring 436 is
mounted at one end to wheel housing 432 and at the
other end to mounting block 654. In this embodiment,
spring force actuator 650 may be a motor, such as a step
motor, that engages mounting blocks 652 and 654 via a
coupling element 656 and moves mounting blocks 652
and 654 toward guide wire 301 to increase the force gen-
erated by springs 424 and 436 and that moves mounting
blocks 652 and 654 away from guide wire 301 to de-
crease the force generated by springs 424 and 436.
[0101] Controls 16 may include a control (e.g., a but-
ton, dial, touch screen icon, etc.) that allows the user to
alter the pinch force of guide wire axial drive mechanism
350 from workstation 14. In another embodiment, con-
troller 40 may be configured to automatically adjust the
pinch force generated by springs 424 and 436 based
upon the type of guide wire that cassette 300 is equipped
with. Controller 40 may prompt the user to identify the
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type of guide wire via controls 16 (e.g., via a drop down
menu, scanning a bar code, etc.). In another embodi-
ment, catheter procedure system 10 may be configured
(e.g., bedside system 12 may be equipped with a trans-
ceiver) to automatically identify the type of guide wire that
cassette 300 is equipped with (e.g., via reading of an
RFID tag associated with the guide wire), and controller
40 may be configured to automatically control the pinch
force based on the automatically determined guide wire
type.

[0102] In another embodiment, catheter procedure
system 10 may include a sensor that detects slippage
between the wheels of guide wire axial drive mechanism
350 and guide wire 301. Slippage may be detected in
various ways including using an optical sensor to monitor
actual movement of guide wire 301, using an encoder or
other sensor to monitor the actual movement of one of
the wheels or by monitoring the current drawn by guide
wire axial motor 602. In this embodiment, data from the
slippage sensor is received and analyzed by controller
40, and if controller 40 detects that slippage is occurring,
a control signal is generated and communicated to spring
force actuator 650 to increase the force applied by spring
424 and/or spring 436 to wheel 418 and/or wheel 430,
depending on where slippage was detected. Slippage
may be overcome in this manner because the friction
between guide wire 301 and wheels of guide wire axial
drive mechanism 350 increases as the pinch force gen-
erated by springs 424 and 436 increases. In another em-
bodiment, catheter procedure system 10 may be config-
ured to determine whether the pinch force between the
wheels of guide wire axial drive mechanism 350 and
guide wire 301 is higher than needed and to reduce the
pinch force accordingly.

[0103] It should be understood that, in various embod-
iments, catheter procedure system 10 may include one
or more of any of the various variable force and variable
speed concepts discussed above, in any combination,
to provide for additional variability in control of the per-
cutaneous device. For example, catheter procedure sys-
tem 10 may be configured to control or vary both the
torque supplied by guide wire axial motor 602, and the
normal force applied to guide wire 301 by the wheels of
guide wire axial drive mechanism 350. This embodiment
may provide for useful control over the movement of the
percutaneous device. In one such embodiment, if high
axial force is needed (e.g., to traverse a CTO), catheter
procedure system 10 may be configured to increase the
torque generated by guide wire axial motor 602 to gen-
erate the higher axial force needed to push through the
CTO and to increase the normal force generated by
spring 424 using actuator 650, as discussed above, to
accommodate the transmission of higher force to guide
wire 301 without slippage.

[0104] In another embodiment, catheter procedure
system 10 may be configured to control the normal force
applied to guide wire 301 to induce slippage between
drive wheel 410 and guide wire 301 as a mechanism for
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ensuring the axial force applied to guide wire 301 remains
below a certain threshold. In this embodiment, the normal
force can be controlled to ensure that slippage between
drive wheel 410 and guide wire 301 occurs if guide wire
axial motor 602 attempts to impart an axial force exceed-
ing the frictional force between drive wheel 410 and guide
wire 301. In one such embodiment, if high axial speed
butlow maximum potential axial force is needed, catheter
procedure system 10 may be configured to control guide
wire axial motor 602 at a relatively fast rotational speed
and to decrease the normal force generated by spring
424 using actuator 650, as discussed above. In thismode
of operation, if the guide wire encounters an obstacle and
guide wire axial motor 602 attempts to deliver an axial
force greater than the frictional force, drive wheel 410
will slip over guide wire 301 instead of continuing to push
guide wire 301 into the obstacle. In one such embodi-
ment, because slippage of this nature is indicative of an
obstacle, controller 40 may be configured to detect such
slippage and to automatically stop guide wire axial drive
motor 602 to allow the user to evaluate the cause of the
obstruction. Further, controller 40 may be configured to
display a warning message or icon to the user at work-
station 14 indicating that an obstacle has been encoun-
tered.

[0105] In various embodiments, controller 40 and
working catheter axial drive motor 600 may be configured
to provide for variability and control of the speed and axial
force applied to working catheter 303 by drive wheel 458
during advancement and retraction of working catheter
303. Controller 40 and working catheter axial drive mech-
anism 352 may also be configured to provide for varia-
bility and control over the normal force applied to working
catheter 303 by drive wheel 458 and roller 466 during
advancement and retraction of working catheter 303. In
one such embodiment, bedside system 12 may include
a spring force actuator that adjusts the force imparted to
roller 466 by a spring associated with working catheter
axial drive mechanism 352. Variability and control of the
axial force applied to working catheter 303 may be de-
sirable for various reasons, including lowering the risk of
blood vessel perforation, providing improved ability to
traverse a partial occlusion or chronic total occlusion
(CTO), specific control of different types of working cath-
eters, etc. It should be noted that, while the above dis-
closure relates primarily to variable control of the forces
and speed imparted to a guide wire by guide wire axial
drive motor 602 and the wheels and springs of the related
engagement structures, the same variable force and
speed concepts may be applied to control of working
catheter 303 and/or working catheter axial drive motor
600.

[0106] Further modifications and alternative embodi-
ments of various aspects of the invention will be apparent
to those skilled in the art in view of this description. Ac-
cordingly, this descriptionis to be construed asiillustrative
only. The construction and arrangements, as shown in
the various exemplary embodiments, are illustrative only.
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While the current application recites particular combina-
tions of features in the clauses appended hereto, various
embodiments of the invention relate to any combination
of any of the features described herein whether or not
such combination is currently claimed, and any such
combination of features may be claimed in this or future
applications. Although only a few embodiments have
been described in detail in this disclosure, many modifi-
cations are possible (e.g., variations in sizes, dimen-
sions, structures, shapes and proportions of the various
elements, values of parameters, mounting arrange-
ments, use of materials, colors, orientations, etc.) without
materially departing from the novel teachings and advan-
tages of the subject matter described herein. Some ele-
ments shown as integrally formed may be constructed
of multiple parts or elements, the position of elements
may be reversed or otherwise varied, and the nature or
number of discrete elements or positions may be altered
or varied. The order or sequence of any process, logical
algorithm, or method steps may be varied or re-se-
quenced according to alternative embodiments. Other
substitutions, modifications, changes and omissions may
also be made in the design, operating conditions and
arrangement of the various exemplary embodiments
without departing from the scope of the presentinvention.
[0107] There now follows a series of clauses (not
claims) setting out aspects of the invention. The claims
will be filed later.

1. Arobotic catheter procedure system, comprising:

a bedside system, the bedside system compris-
ing:

a percutaneous device;

a drive mechanism configured to engage
and to impart an axial force to the percuta-
neous device and to advance and retract
the percutaneous device; and

an actuator providing torque to the drive
mechanism to impart the axial force to the
percutaneous device, wherein the torque
provided by the actuator is variable; and

a remote workstation, the remote workstation
comprising:

a user interface configured to receive a first
user input; and

a control system operatively coupled to the
user interface, the control system config-
ured to communicate a control signal to the
actuator, the control signal based upon the
first user input and a second input, wherein
the second input comprises information re-
lated to the catheter device;

wherein the actuator provides torque to the
drive mechanism in response to the control
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signal.

2. The robotic catheter procedure system of clause
1, wherein the second input comprises information
related to the direction of movement of the percuta-
neous device, and further wherein the torque provid-
ed by the actuator in response to the control signal
is greater when the percutaneous device is being
retracted than when the percutaneous device is be-
ing advanced.

3. The robotic catheter procedure system of clause
1, wherein the second input comprises information
related to the location of the tip of the percutaneous
device within the vascular system of a patient.

4. The robotic catheter procedure system of clause
3, wherein the torque provided by the actuator in
response to the control signal is decreased when the
tip of the percutaneous device is located in a coro-
nary artery of the patient.

5. The robotic catheter procedure system of clause
3, wherein the information related to the location of
the tip of the percutaneous device within the vascular
system of a patient is determined from image data
received from an imaging system.

6. The robotic catheter procedure system of clause
3, wherein the information related to the location of
the tip of the percutaneous device within the vascular
system of the patient is determined from a second
user input.

7. The robotic catheter procedure system of clause
1, wherein the second input comprises information
related to whether the tip of the percutaneous device
is traversing an occluded portion of a vessel of the
patient’s vascular system, and further wherein the
torque provided by the actuator in response to the
control signal is increased when the tip of the percu-
taneous device is traversing the occluded portion of
the vessel.

8. The robotic catheter procedure system of clause
7, wherein the percutaneous device is a guide wire.

9. The robotic catheter procedure system of clause
1, wherein the actuator is an electric motor.

10. The robotic catheter procedure system of clause
9, wherein the torque delivered by the electric motor
is varied by varying at least one of the current and
the voltage supplied to the electric motor by a power
supply, and wherein at least one of the current and
voltage is varied based upon the control signal.

11. The robotic catheter procedure system of clause
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9, wherein the percutaneous device is a guide wire,
and further wherein the torque provided by the ac-
tuator in response to the control signal is sufficient
to allow the guide wire to traverse an occluded por-
tion of a vessel of the patient’s vascular system.

12. The robotic catheter procedure system of clause
1, further comprising a default maximum torque limit,
wherein the actuator is inhibited from delivering
torque exceeding the default maximum torque limit.

13. The robotic catheter procedure system of clause
13, wherein the user interface is configured to re-
ceive a second user input, wherein the control sys-
tem is configured to deactivate the default maximum
torque limit based on the second user input, wherein
the actuator is permitted to deliver torque exceeding
the default maximum torque limit when the default
maximum torque limit is deactivated, and further
wherein the user interface is configured to receive a
third user input, wherein the control system is con-
figured to reactivate the default maximum torque limit
based on the third user input.

14. The robotic catheter procedure system of clause
1, wherein the drive mechanism comprises:

a first wheel; and

a second wheel;

wherein the percutaneous device is positioned
between the first wheel and the second wheel,
wherein the first wheel and the second wheel
move toward each other to apply a normal force
to the outer surface of the percutaneous device;
and

wherein the normal force is variable.

15. The robotic catheter procedure system of clause
14 further comprising an actuator that applies a force
to the first wheel to increase the normal force.

16. The robotic catheter procedure system of clause
15, wherein the drive mechanism includes a spring
that biases the first wheel toward the percutaneous
device, wherein the actuator is configured to expand
and to compress the spring to control the force the
spring exerts on the first wheel.

17. The robotic catheter procedure system of clause
16, wherein the first wheel is a roller wheel and the
second wheel is an opposing drive wheel.

18. The robotic catheter procedure of clause 14,
wherein the second input is information related to
the normal force applied to the percutaneous device
by the first and second wheels.

19. A system for operating a robotic catheter system
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having a drive mechanism configured to engage and
to impart an axial force to a catheter device and to
advance and retract the catheter device and an ac-
tuator configured to deliver torque to the drive mech-
anism, the system comprising:

a user interface configured to receive a first user
input;

a control system operatively coupled to the user
interface configured to generate a control signal,
the control signal based upon the firstuserinput,
wherein the actuator delivers torque to the drive
mechanism to move the catheter device in re-
sponse to the control signal; and

a default maximum torque limit, wherein the ac-
tuatoris inhibited from delivering torque exceed-
ing the default maximum torque limit.

20. The system of clause 19, wherein the user inter-
face is configured to receive a second user input,
wherein the control system is configured to deacti-
vate the default maximum torque limit based on the
second user input, wherein the actuator is permitted
to deliver torque exceeding the default maximum
torque limit when the default maximum torque limit
is deactivated.

21. The system of clause 20, wherein the user inter-
faceis configured to receive a third userinput, where-
in the control system is configured to reactivate the
default maximum torque limit based on the third user
input.

22. The system of clause 19, wherein the control
signal is based upon both the first user input and a
second input, wherein the second input comprises
information related to the catheter device, wherein
the control signal causes the actuator to vary the
torque provided to the drive mechanism.

23. The system of clause 22, wherein the second
input comprises information related to the direction
of movement of the catheter device, and further
wherein the torque provided by the actuator in re-
sponse to the control signal is greater when the per-
cutaneous device is being retracted than when the
percutaneous device is being advanced.

24. The system of clause 22, wherein the second
input comprises information related to the location
of the tip of the catheter device, and further wherein
the torque provided by the actuator in response to
the control signal varies based upon the location of
the tip of the percutaneous device within the vascular
system of a patient.

25. The system of clause 24, wherein the torque pro-
vided by the actuator is decreased when the tip of
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the percutaneous device is located in a coronary ar-
tery of the patient.

26. The system of clause 24, wherein the information
related to the location of the tip of the percutaneous
device within the vascular system of a patient is de-
termined from image data received from an imaging
system.

27. The system of clause 22, wherein the actuator
is an electric motor, and the torque delivered by the
electric motor is varied by varying at least one of the
current and the voltage supplied to the electric motor
by a power supply in response to the control signal.

28. A robotic catheter procedure system, compris-
ing:

a percutaneous device;

a first drive mechanism configured to engage
and to impart movement to the percutaneous
device; and

an engagement structure configured to move
between:

an engaged position in which the engage-
ment structure contacts the percutaneous
device; and

adisengaged position in which the engage-
ment structure does not contact the percu-
taneous device;

wherein the first drive mechanism is configured
to move the percutaneous device when the en-
gagement structure is in the disengaged posi-
tion.

29. The robotic catheter procedure system of clause
28, wherein the firstdrive mechanism is an axial drive
mechanism configured to impart axial movement to
the percutaneous device and the engagement struc-
ture is an engagement structure of a rotational drive
mechanism configured to impart rotational move-
ment to the percutaneous device.

30. The robotic catheter procedure system of clause
28, further comprising:

a user interface configured to receive afirst user
input and second user input; and

a control system operatively coupled to the user
interface, the control system configured to gen-
erate a first control signal to the first drive mech-
anism based on the first user input and a second
control signal to the engagement structure
based on the second user input;

wherein the first drive mechanism moves the
percutaneous device in response to the first con-
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trol signal and the engagement structure disen-
gages from the percutaneous device in re-
sponse to the second control signal.

31. The robotic catheter procedure system of clause
30, wherein the first drive mechanism is responsive
to the first control signal to move the percutaneous
device following disengagement of the engagement
structure in response to the second control signal.

32. The robotic catheter procedure system of clause
30 wherein the first drive mechanism supplies a pre-
determined torque in response to the first user input;
wherein, when the engagement structure is in the
engaged position, the percutaneous device is moved
at a first speed when the predetermined torque is
supplied by the first drive mechanism;

wherein, when the engagement structure is in the
disengaged position, the percutaneous device is
moved at a second speed when the predetermined
torque is supplied by the first drive mechanism;
wherein the second speed is greater than the first
speed.

33. The robotic catheter procedure system of clause
28, wherein the engagement structure includes at
least one pair of roller wheels that contact opposite
sides of the percutaneous device when the engage-
ment structure is in the engaged position.

34. A method of operating a robotic catheter system
comprising:

providing a robotic catheter system comprising:

a percutaneous device;

a first drive mechanism having a first en-
gagement structure configured to engage
the percutaneous device, the first drive
mechanism configured to impart movement
to the percutaneous device; and

a second engagement structure configured
to engage the percutaneous device, the
second engagement structure moveable
between an engaged position in which the
second engagement structure contacts the
percutaneous device and a disengaged po-
sition in which the second engagement
structure does not contact the percutane-
ous device;

engaging the percutaneous device with both the
first engagement structure and the second en-
gagement structure;

disengaging the second engagement structure
from the percutaneous device; and

operating the first drive mechanism to move the
percutaneous device when the second engage-
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ment structure is disengaged.

35. The method of clause 34 wherein the first drive
mechanism is an axial drive mechanism configured
to impart axial movement to the percutaneous de-
vice.

36. The method of clause 34 wherein the second
engagement structure is an engagement structure
of a rotational drive mechanism configured to impart
rotational movement to the percutaneous device.

37. The method of clause 34 wherein the second
engagement structure is an engagement structure
of an encoder assembly.

Claims

A robotic catheter procedure system, comprising:

a bedside system, the bedside system compris-
ing:

a percutaneous device;

a drive mechanism configured to engage
and to impart an axial force to the percuta-
neous device and to advance and retract
the percutaneous device; and

an actuator providing torque to the drive
mechanism to impart the axial force to the
percutaneous device, wherein the torque
provided by the actuator is variable; and

a remote workstation, the remote workstation
comprising:

a user interface configured to receive a first
user input; and

a control system operatively coupled to the
user interface, the control system config-
ured to communicate a control signal to the
actuator, the control signal based upon the
first user input and a second input, wherein
the second input comprises information re-
lated the percutaneous device;

wherein the actuator provides torque to the drive
mechanism in response to the control signal;
the control system having a high speed axial
drive mode being selectable by a user with a
third control element in which the maximum
speed of the percutaneous device is greater
than the maximum speed of the percutaneous
device in a regular mode;

the control system limiting availability of the high
speed axial drive mode as a function of prede-
termined parameters related to the information
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from the second input.

The robotic catheter procedure system of claim 1,
wherein the second input comprises information re-
lated to the direction of movement of the percutane-
ous device, and further wherein the torque provided
by the actuator in response to the control signal is
greater when the percutaneous device is being re-
tracted than when the percutaneous device is being
advanced.

The robotic catheter procedure system of claim 1 or
claim 2, wherein the second input comprises infor-
mation related to the location of the tip of the percu-
taneous device within the vascular system of a pa-
tient.

The robotic catheter procedure system of claim 3,
wherein the torque provided by the actuator in re-
sponse to the control signal is decreased when the
tip of the percutaneous device is located in a coro-
nary artery of the patient.

The robotic catheter procedure system of claim 3,
wherein the information related to the location of the
tip of the percutaneous device within the vascular
system of a patient is determined from:

(i) image data received from an imaging system;
or
(ii) a second user input.

The robotic catheter procedure system of any pre-
ceding claim, wherein the second input comprises
information related to whether the tip of the percuta-
neous device is traversing an occluded portion of a
vessel of the patient’'s vascular system, and further
wherein the torque provided by the actuator in re-
sponse to the control signal is increased when the
tip of the percutaneous device is traversing the oc-
cluded portion of the vessel, wherein the percutane-
ous device is a optionally or preferably a guide wire.

The robotic catheter procedure system of any pre-
ceding claim, wherein the actuator is an electric mo-
tor.

The robotic catheter procedure system of claim 7,
wherein the torque delivered by the electric motor is
varied by varying at least one of the current and the
voltage supplied to the electric motor by a power
supply, and wherein at least one of the current and
voltage is varied based upon the control signal.

The robotic catheter procedure system of claim 7,
wherein the percutaneous device is a guide wire,
and further wherein the torque provided by the ac-
tuator in response to the control signal is sufficient
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to allow the guide wire to traverse an occluded por-
tion of a vessel of the patient’s vascular system.

The robotic catheter procedure system of any pre-
ceding claim, further comprising a default maximum
torque limit, wherein the actuator is inhibited from
delivering torque exceeding the default maximum
torque limit.

The robotic catheter procedure system of any pre-
ceding claim, wherein the user interface is config-
ured toreceive a second userinput, wherein the con-
trol system is configured to deactivate the default
maximum torque limit based on the second user in-
put, wherein the actuator is permitted to deliver
torque exceeding the default maximum torque limit
when the default maximum torque limit is deactivat-
ed, and further wherein the user interface is config-
ured to receive a third user input, wherein the control
system is configured to reactivate the default maxi-
mum torque limit based on the third user input.

The robotic catheter procedure system of any pre-
ceding claim, wherein the high speed axial mode is
not available when a diameter of a blood vessel
through which a portion of the percutaneous device
is moving is less than a predetermined threshold.

The robotic catheter procedure system of any pre-
ceding claim, wherein the high speed axial mode is
available when the predetermined parameters in-
clude that the percutaneous device being retracted
after a procedure has been completed.

The robotic catheter procedure system of any pre-
ceding claim, wherein the predetermined parame-
ters include a type of blood vessel.

The robotic catheter procedure system of any pre-
ceding claim, further including a high speed rotation-
al drive mode being available when a blood vessel
through which a portion of the percutaneous device
is moving is identified as occluded.
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